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SUMMARY
The rubratoxins are nonadrides produced by Penicillium rubrum • 
which show some antifungal activity. Aspergillus niger and A. tamarii • 
are particularly sensitive to this toxin. The presence of as little 
as 15 jig rubratoxin B/ml causes a reduction of growth of A. niger 
Van Tieghem as measured by the dry weight of mycelium produced. This 
concentration of toxin produces swelling, distortion and increased ■ 
branching of the mycelium. The formation of swollen hyphal tips and 
distorted mycelium is not alleviated by increasing the osmotic pressure 
of the.medium. When damaged mycelium grown in the presence of this 
toxin is transferred into a fresh medium without any toxin, it is 
able to develop normal mycelium and capable of producing normal spores.
Despite the reduction of growth in the presence of a low . :•« 
concentration of toxin, glucose consumption is not affected as much as 
biomass production, and appears to be converted into metabolites such 
as pigments rather than biomass.
Protoplasts of A. niger in the presence of this toxin are able to 
synthesize new cell wall and revert to mycelium, but the mycelium is 
abnormal, more branched, swollen and does not proceed to the formation of 
sporophores and conidiophoresI
Rubratoxin B,as well as reducing the growth rate, causes a 
depression of the oxygen uptake by A. niger as well as changes in the 
metabolic activity and chemical composition of the cell wall of this 
mould. This toxin causes a reduction in the protein content of the cell 
wall of A. niger and the liberation of a significant amount of protein, 
amino acids and pigments into the culture medium.
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CHAPTER I
INTRODUCTION
INTRODUCTION
•1. MYCOTOXINS
The capacity of fungi to produce toxic metabolites has been 
known for many years. The name mycotoxin is used to describe substances 
found during the growth of fungi which are toxic to man and his 
domesticated animals. These compounds, many of which are secondary 
metabolites, have diverse chemical structures and biological activities. 
Some very toxic compounds have been identified among these toxins and many 
of them have been completely characterized.
Many species of fungi which are common in feeds can produce 
potent toxins. The occurrence of fungal metabolites in food stuffs 
indicates that the material has been contaminated with fungi before, 
during or after harvest. The growth of fungi in food materials is not 
only important as a potential health hazard but may also cause the 
deterioration and loss of the quality of foods.
In different parts of the world, toxic mould metabolites cause a 
number of disease syndromes in man and animals and indeed some of the 
unexplained diseases of man and animals may be due to the mycotoxins. 
Mycotoxins and mycotoxicoses are problems for human and animal health. 
Under certain conditions, food stuffs can provide a favourable medium for 
fungal growth and toxin production. Because of the stability of some 
mycotoxins to heat and other treatment processes, they can remain in foods 
and feeds for a long time. Although it is possible for domestic animals 
to consume mycotoxins with their feed without showing overt signs of 
illness. These toxins may be absorbed and bound unchanged in the tissues, 
or may be metabolized and secreted in the milk and so enter the human 
food chain and cause mycotoxicoses in humans. (Moss, 1977). Scheme A.
Mouldy Food Moulded feed stuffs
Mycotoxin ■ Mycotoxins
Produced
Produced
Farm animals
e.g. Vegetable 
products
Primary 
Mycotoxicoses 
of domestic 
animals
Consumer
Primary Mycotoxicoses
Metabolism
Secretion
e.g. Milk 
Products
Consumer
Binding into 
Tissues
e.g. Meat 
Products
Consumer
r
Secondary Mycotoxicoses
Scheme A
Pathways by which mycotoxins may reach the consumer through 
food chains.
Ergotism and mushroom poisoning have been known for centuries. 
Gangrenous ergotism was recognized in the ninth and tenth centuries, but 
it was not appreciated that the ergots of rye were associated with fungi 
until the eighteenth century (Moss, 1975). Although fungal damage of food 
and feed stuffs has been recognized for many years, the study of the 
additional problems of contamination of food by toxic substances produced 
by fungi has not received extensive attention until relatively recently. 
(Chu, 1977).
Mycotoxins, because of the diversity of their chemical structures, 
may exhibit a-number of biological effects in animals and humans. These 
include acute and chronic effects as well as carcinogenic, mutagenic and 
teratogenic effects in both prokaryotic and eukaryotic systems. Many 
factors, influence the biological effects of toxins in animals. The most 
important are the sex of the animals, the environmental factors, 
nutritional conditions and mycotoxin' synergism.
During the period when mould metabolites were actively studied in 
the research for antimicrobial agents, it was demonstrated that some 
compounds, such as patulin and citrinin, with useful antimicrobial activity 
could not be used as antibiotics because of their toxicity. The more 
recent work on mould metabolites has been concerned with mycotoxins and 
it -is now appreciated that several of these have antimicrobial activity.
Although many genera of fungi have been implicated in mycotoxicoses 
Penicillium and Aspergillus are two of the most common genera of storage 
fungi found on food materials throughout the world and species of both 
genera are known to produce mycotoxins and antimicrobial agents.
2. METABOLITES OF ASPERGILLUS A ND.PENICILLIUM WITH BIOLOGICAL ACTIVITY
The number of metabolites produced by species of these two genera 
is very large and of these, many have antimicrobial activity; many are 
toxic to higher animals, and some show both kinds of activity. If a 
mycotoxin also shows some activity against a microorganism, a detailed 
study of this activity may throw some light on its toxicity. The 
following are some of the mycotoxins which have been'shown to have 
acticity against fungi.
2.1. AFLATOXINS
The aflatoxins were first discovered as contaminants of certain 
lots of animal feeds. These compounds have a high order of acute 
toxicity to many animal species and have been shown to possess potent 
carcinogenic properties in several animal species. Toxic syndromes of
domestic animals ultimately attributed to aflatoxins were first reported 
in England in I960 and 1961. These toxins were first isolated from 
samples of highly toxic peanut meals using conventional extraction and 
concentration procedures. (Sargeant et al., 1961; Sargeant et al., 1963)-
Production of aflatoxins appear to be restricted to Aspergillus 
flavus and the closely related species Aspergillus parasiticus which are 
members of the Aspergillus flavus/oryzae group which includes A . fl'avus,
A. parasiticus, A. oryzae, A. gymnosardae, A. effusus, A. micro- 
viridocitrinus, (Mateles and Wogan, 1967)* It appears that 10 —  30%. of 
‘strains of A. flavus or A. parasiticus which are.isolated from mouldy
peanuts or other agricultural products are able to produce aflatoxins.
The production of these compounds is thus strain dependent, but also 
varies with the medium and culture conditions.
Since strains.of A. flavus are widespread contaminants of cereal
grains, it is not surprising that some grain samples are found to be
contaminated with the toxic metabolites of this fungus.
The production and isolation of aflatoxins from mould cultures on 
solid substrates was studied by Asao et. al., (1963) and Asao et al., (1965). 
They used a convenient extraction and concentration procedure which
e
involves total extraction of the culture with chloroform and subsequent’ 
precipitation of the toxins in petroleum ether. The structures which are 
now accepted for the. four common aflatoxins are shown in Fig. 1.
Fig. 1. Aflatoxins
Afiatoxin B2
Aflatoxin Bi
Afiatoxin G 2
The four best known aflatoxins include two with violet-blue 
fluorescence/ referred to as afiatoxin and 3 2 and two with yellow- 
green fluorescence called aflatoxins G^ and G 2 . These four compounds, 
are readily separated by thin layer . chromatography on silica gel 
using a mixture of chloroform and methanol (98:2) in which the Rf values 
for aflatoxins and B 2 , G^ and G 2  are 0.56, 0.53, 0.48 and 0.46 
respectively.' The isolation procedures were greatly facilitated by the 
discovery that these toxic metabolites are fluorescent in ultra viQlet 
light. The quantities of these four compounds present in culture 
extracts depend on several factors, including mould strain, medium- 
composition and culture conditions. Typically, aflatoxins B 2  and G are 
present in relatively small amounts, whereas.afiatoxin B^ is usually 
present in large yield (Mateles and Wogan, 1967).
The toxins are soluble in moderately polar solvents such as 
chloroform, acetone and methanol, but are virtually insoluble in non 
.polar solvents such as hexane and petroleum ether.
Aflatoxins can be degraded by the same mould that produces them.
In a study of the degradation of these compounds different strains of 
Aspergillus were grown under different conditions by Doyle and Marth 
(1978). The ability of Aspergillus parasiticus to degrade these toxins 
depended on the type of mediiSm on which the mould was grown. A medium 
allowing good growth also gave high activity in degrading aflatoxins. 
Biodegradation of aflatoxins was also strain dependent and those strains 
which produced the largest amount of toxins were able to degrade them 
most rapidly.
All the evidence to date confirms that.the aflatoxins are produced 
from a polyketide precursor. Acetate, when used as a sole source of 
carbon, has been incorporated directly into aflatoxins. (Hsieh and 
Mateles, 1971).
The toxicity of aflatoxins has been summarized by Detroy et al_., 
(1911). Much data is available for the lethal dose of these toxins for 
animals, plants and microorganisms, but none is available for man, although 
there is some evidence that aflatoxins may cause a wide range of diseases 
in man, including liver cancer. Studies on the epidemiology of liver 
cancer have been established in a number of countries and it has been
shown that there is a relationship between the geographical variation 
in liver cancer incidence obtained from hospital reports and the 
geographical variation of the presence of aflatoxins in food (Moss, 1975). 
The toxicity of aflatoxins to animals is shown in tables I and II.
(Moss, 1972).
Table I
Acute oral single dose toxicity of the aflatoxins
Toxicity
Single dose LDj-0 (day old duckling)
Aflatoxins mg/kg
Bi 0.36
B2 1.9
G1 0.78
G2
3.5
Table II
LD ' of afiatoxin B. 
50 1
in different animals
mg/kg
Duckling 0.35 - 0.56
1 day old rat 1.0
21 days old rat 5.5
Adult rat 7.2
30 days old hamster 10.2
Guinea pig 3..4
Weanling rabbit 0.5
Adult dog 0.5
Mouse 9.0
The carcinogenic properties of these metabolites has been 
confirmed by many workers (Detroy et al., 1971) and perhaps the most 
significant event in the research on secondary fungal metabolites was the 
discovery of aflatoxins as the most potent liver carcinogen.
Some interesting observations have been made on the effect of 
afiatoxin in' higher plants and on tissues of plant origin. Schoental 
and White (1965) showed that afiatoxin in concentrations of 25 yg/flil 
inhibits the germination of the seeds of cress (Lepidium Salivum. L) and 
a lower concentration apparently interfered with chlorophyll synthesis.
The growth of several species of Bacillus, Clostridium/ 
Streptomyces and Nocardia have been shown to be inhibited by aflatoxins.
At a concentration of 20 yg/ml, afiatoxin inhibits the growth of several 
species of Aspergillus and Penicillium. It seemed particularly noteworthy 
that growth of A. flavus was partially inhibited by the toxin since this 
organism produces afiatoxin (Ciegler and Lillehoj, 1968). The fungistatic 
action of these compounds was demonstrated by Lillehoj et al., (1967). 
Afiatoxin contains a coumarin nucleus and it has been shown that coumarin 
itself inhibits the germination and growth of certain fungal spores, 
including species of Aspergillus and Penicillium.
o
2.2. ASPERGINON
This compound is a new pigment metabolite with antifungal activity 
which- was isolated from the fermentation brpth of Aspergillus species by 
Sokolov et al., (1972). The physico-chemical and biological properties of 
this metabolite were found to be quite different from those of other known 
substances of Aspergillus species. The U.V. spectra, IR, NMR and Mass 
spectra of asperginon indicated that, this compound is a derivative of 
1, 2 - dioxyanthraquinone.
2.3. CANADENSOLIDE
Canadensolide was isolated from culture filtrates of Penicillium 
canadense by McCorkindale et al_., (1968) . This compound is C 1 1 H 1 4 0 4  with 
m.p. 46 - 47.5°C. (Fig. 2).
Fig. 2. Canadensolide
0
.Canadensolide inhibits the germination of fungi e.g. Botrytis alii.
2.4. CITRININ
Citrinin is a toxic secondary metabolite of several fungi/ 
although it was first isolated from the culture liquid of Penicillium 
citrinum by Hetherington and Raistrick (1931). This toxin has been found 
as a natural contaminant of rice, wheat, rye, barley and oats. In 1951, 
the yellowish colour of rice in Japan was found to be due to contamination 
of rice with mould. Kinositq* and. Shikata (1965) have summarized the 
literature dealing with the fungal flora of stored rice. Many groups of 
fungi have been found growing on rice. These include species of Fusarium, 
Rhizopus, Aspergillus and Penicillium. Among the species of Aspergillus
and Penicillium, Aspergillus candidus and Penicillium citrinum were both : 
shown to produce citrinin in rice. Penicillium citrinum usually grows on 
stored rice, especially in polished rice and causes a yellowish colour on 
its surface.
• • Citrinin is heat sensitive and can be destroyed by autoclaving, 
but the degradation product still has antibiotic activity (Jackson and 
Ciegler, 1978). Citrinin in the crystalline form is a yellow compound 
with m.p. 172°C (Fig. 3).
Fig. 3. Citrinin
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The biological effects of citrinin have been studied in' rats by
feeding-contaminated rice powder. Postmortem examination revealed enlarged,
turbid kidneys of a grey-white colour, demonstrating considerable renal
damage. The weight of kidney, was one and a half times that of the control.
(Saito et_ al., 1971). The of citrinin in mice has been reported to
be 35 mg/kg body weight (Subcutaneous injection) after 14 days or 60 mg/kg
after 24 hours. The data indicated that the LDP„ of citrinin decreased
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as the length, of the observation period increased. This showed that 
citrinin was a slow acting toxin. Citrinin is active against fungi and 
bacteria, especially Gram-positive bacteria (Saito et al., 1971).
2.5. CHLORFLAVONIN
The isolation of this compound from Aspergillus candidus has been 
reported by Munden et: al., (1970). The capacity for production of the 
toxin varied in different-strains of this fungus. The crude substance, 
after being acidified with 25% H^SO^, was extracted with a hydrocarbon 
solvent and then purified by crystallization from benzene and petroleum 
ether. This compound is an antifungal substance. The structure of 
chlorflavonin was studied by Bird and Marshall (1969), who suggested that 
the toxin was 3-chloro -2, 5-dihydroxy -3, 7, 8 trimethoxyflavone (Fig. 4).
Fig. 4. Chlorflavonin
2.6. COMPACTIN
This antifungal metabolite was isolated from Penicillium 
brevicompactum by Brown et al., (1976).' Mycophenolic acid and related
compounds from this fungus had previously been described by Turner (1971) . 
The compound was isolated from culture filtrates by extraction as a 
crystalline substance (C 2 3 H 3 4 ° 5  ^ wit*1 m -P- 152°C, and a molecular weight 
of 494.266 (Fig. 5).
Fig. 5. Compactin
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2.7. ETHERICIN A
In 1978, a new antifungal metabolite was isolated from cultures 
of Aspergillus fumigatus by Konig et al. This compound inhibited the 
growth of bacteria and fungi and was called ethericin A. The structure 
of this metabolite was identified by Mass spectrometry, N.M.R., chemical 
degradation and. synthesis as 5, 5-dimethyl -3, 3-oxydipyrocatechol 
(Fig. 6).
Fig. 6. Ethericin. A
The isolation of a novel metabolite (Fig. 7) from a fungus of 
the order Sphaeropsidales which had a weak antifungal activity has been 
reported by McGahren et al., (1970). They suggested that the only 
microbial metabolite of this type previously isolated was asterric acid.
Fig. 7. A novel metabolite from a fungus of the order of Sphaeropsidales
2.8. FLAVIPIN
This compound was isolated from culture filtrates of Aspergillus 
terreus grown on Czapek-Dox solution or Aspergillus flavipes on Raulin 
Thom solution by Raistrick and Rudman (1956). Production of the same 
metabolite by Epicoccum nigrum, Epicoccum purpurascens and Epicoccum 
andropogonis was reported by Bamford et al^., (1961) and Burge et al. ,
(1976).
It has been purified as pale yellow rods with m.p. 233°C and is 
light sensitive (Miller, 1961) (Fig. 8).
Fig. 8. Flavipin
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' Culture filtrates of the fungus were acidified with HC1 and 
extracted with ether and then'purified by crystallization or sublimation 
at 140°C in a high vaccuum.
Fungistatic activity of flavipin was demonstrated against Botrytis 
alii as well as flavipin producing strains of Aspergillus flavipes. A 
concentration of 1.25 yg/ml produced 95 - 100% inhibition of germination 
of both these fungi. Flavipin is only stable in aqueous solution at low 
pH (3.5) and the antifungal activity is rapidly lost at pH 4.5. This 
toxin is only slightly phytotoxic (Bamford et_ al., 1961).
2.9. FREQUENTIN
• . Frequentin, a metabolite of Penicillium frequentans, forming 
colourless needles, has antifungal and antibacterial activity. Good 
yields are obtained after 10 days growth in Czapek-Dox medium with 5% 
glucose. Carbon tetrachloride is a good solvent for extraction of this 
metabolite, leaving the closely related metabolite palitantin in the 
culture filtrate. Palitantin was isolated from culture filtrates of 
Penicillium palitans by Birkinshaw and Raistrick(1936) and is in fact 
dihydrofrequentin (frequentin C j_4H2o °4 palitantin C]_4H22°4^ (Curtis 
et al., 1951).
2.5 yg of frequentin/ml inhibited the germination of Botrytis 
alii, Penicillium gladioli, Stachybotrys atra and Mucor mucedo but, in 
the case of A. niger and Absidia glauca, 2 5 - 5 0  yg/ml was required.
2.10. GLIOTOXIN
Gliotoxin is a sulphur containing antibiotic which is active 
against bacteria and fungi. This toxic metabolite was isolated from 
culture filtrates of Aspergillus fumigatus (Waksman et al., 1943).
Menzel et al., (1944) reported that A-spergillus fumigatus had the capacity 
to produce two different compounds which both possessed strong antibiotic 
activity. The amount of these substances in culture media depended on 
the composition of the medium and the previous history of the inoculum. 
These compounds were shown to be fumigacin and gliotoxin. The anti­
bacterial effect of the latter being greater than that of the former. 
Gliotoxin was obtained from the etheric solution after extraction of the 
fumigacin fraction with sodium carbonate solution. Gliotoxin has been 
isolated from culture filtrates of various organisms, Aspergillus terreus
(Miller et al., 1968), Trichoderma viride (Brian, 1944), Aspergillus 
chevalieri (Wilkinson and Spilsbury, 1965), strains of Penicillium and 
Gliociadium (Lechevalier, 1975).
Gliotoxin C^ 2.3H14N2°4S2^  9) forms colourless crystals with
m.p. 194 - 195°C and is considered to be derived from amino acids by the
pathway shown 'in Fig. 10. (Miller, 1961) .
Fig. 9. Gliotoxin
CH..OH
Fig. 10. Biosynthetic Pathway for Gliotoxin
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2.11. G R IS E O F U L V IN
The production of fulvic acid, C..H 0o , was reported by Oxford
14 12 o
et al., (1935) from culture filtrates of Penicillium griseofulvum. This,
mould, when grown under different cultural conditions, may produce a 
range of metabolites such 'as: 6-hydroxy 2-methyl benzoic acid, 2,
5 dihydroxy benzoic acid, fumaric acid, mannitol and griseofulvin.
Griseofulvin, which causes a characteristic distortion of the 
germ tubes of Botrytis alii, is a chlorine-containing antifungal 
antibiotic with the empirical formula C27H17°6C^ * T^e f°-^ow^n9 structure 
(Fig. 11) was suggested for griseofulvin by Frederick et al., (1951) and 
the polyketide origin of this compound was reported by Birch et al., 
(1958a).
Fig. 11. Griseofulvin
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Griseofulvin has fungistatic activity against several well-known 
dermatophytic fungi including Microsporium canis, M. audouini and 
M. gypseum: Trichophyton rubrum, T. mentagrophytes, T. tonsurans,
T. violaceum, T. verrucosum, T. schoenleini, T. megnini, T. gallinae 
and T. concentricum and Epidermophyton floccosum. (Wilson, 1971).
Griseofulvin interferes directly with the synthesis of nucleic 
acid. In highly sensitive organisms it binds as a relatively stable 
complex with macromolecules, but in less sensitive organisms (A. niger) 
it is mostly located in the water - soluble pool. (Wilson, 1971). The 
LD^q of this substance is approximately 400 mg/kg for rats and griseofulvin 
is still an approved drug recommended for oral administration for the 
treatment of infections caused by dermatophytic fungi (Wilson, 1971).
2.12. KOJIC ACID
Kojic acid is.a toxic metabolite which has been isolated from 
several species of microorganisms, including Aspergillus oryzae, A. albus, 
A. candidus, A. nidulans, A. clavatus, A. fumigatus, A. giganteus,
A. parasiticus, A. effusus, A. tamarii, A. luteovirescens, A. lutescens,
A. wentii and A. alliaceus (Beelik, 1956). Production of Kojic acid by 
A. parasiticus has' also been reported by Parrish et ad., (1966). This
mould produced aflatoxins and Kojic acid simultaneously: Maximum
production of Kojic acid occurred at pH 4.5 (Lin et al., 1976). The 
formation of Kojic acid is one of the simplest examples of the biosynthetic 
conversion of hexoses and labelling studies have shown the conversion of 
glucose to Kojic acid without cleavage of the 6-carbon chain (Arnstein 
and Bentley, 1956). Fungi are able to use pentoses and trioses as well 
as glucose. Kojic acid (Fig. 12) forms colourless prisms with m.p. 152°C.
Fig. 12. Kojic acid
Kojic acid is mildly toxic to animals causing gastro-intestinal 
disturbances, ataxia, excitement and convulsions, and is weakly fungistatic, 
although the metal derivatives of this substance are known to be better 
fungicides than Kojic acid itself. (Weinberg, 1957). Kojic acid also 
has antibacterial activity ando is more active against Gram-negative bacteria 
than Gram-positive organisms (Lechevalier, 1975).
2.13. PATULIN
. In 1941 Glister demonstrated that a mould, probably belonging to 
the genus Aspergillus, was able to produce a potent antibacterial agent 
with chemical properties different from Penicillin. It had a wider 
speptrum of activity against bacteria than did Penicillin and was 
particularly active against Gram-negative species. In 1944, this anti­
bacterial compound was isolated from culture filtrates of Aspergillus 
giganteus by Florey et al., and was identified as claviformin. The 
production and degradation of patulin by a strain of Paecilomyces has 
been studied by Anderson et ai., (1979) who demonstrated that protoplasts 
of patulin producing strains were able to degrade patulin over a period 
of 3 hours. The isolation of patulin from a number of species of
Aspergillus and Penicillium is reflected in the numerous names which 
this compound has received (e.g. clavicin, clavatin, claviformin, 
penicidin, expansin and mycoin). (Miller, 1961).
The production of patulin in apple products by Penicillium expansum 
is a matter of some concern and methods have been worked out for its 
analysis (Salem and Swanson, 1976). Patulin is completely destroyed during 
alcoholic fermentations of apple juice and is converted into non-volatile 
and water soluble compounds by alcoholic fermentation. These products 
remain in the fermented juice.and they have not been toxicologically and 
chemically characterized (Stinson et al., 1978).
Patulin is known to interact with compounds containing thiol 
groups, such as cysteine and glutathione, and enzymes with essential 
thiol groups, such as lactic and alcohol dehydrogenases, are inhibited 
by patulin (Ciegler et al., 1972; 1976).
Patulin forms colourless crystals with m.p. 111°C and it is 
soluble in water and organic solvents, except petroleum ether. The 
following structure (Fig. 13) was suggested by Woodward and Singh (1949).
Fig. 13. Patulin
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Contamination of food and feeds with patulin producing moulds
may cause toxicity in animals and humans. Japanese investigators
isolated Penicillium- urticae from a malt feed believed to be responsible
for the death of over one hundred dairy cattle in Japan. This toxic.
metabolite causes nervous symptoms, brain haemorrhage and death in mice.
The subcutaneous LD of patulin for the mouse is 8 - 10 mg/kg and for
50
the rat is 15 mg/kg (Ciegler, 1977).
Patulin has been reported to inhibit gemination of seeds and it
is responsible for plant wilting.. (Ciegler et al. , 1971) . This compound 
is active against a number of microorganisms including protozoa, fungi 
and bacteria. Patulin inhibited the respiration of bacteria, fungi, 
guinea pig kidney slices and brain homogenates and also inhibited the 
uptake-of glucose in fungal mycelium.
'This toxic metabolite was isolated from several species of 
microorganisms including Penicillium cyclopium, P. puberulum, P. thomii,
P. baarnense and Aspergillus ochraceus (Miller, 1961). This compound 
was isolated for the first time in 1913 from mouldy corn which was 
contaminated with P. puberulum and this early report included a reference . 
to its toxicity to animals.
in a lactol keto form (Fig. 14). The biosynthesis of penicillic acid 
was studied by Birch et al., (1958b) who demonstrated that four molecules 
of acetate condense to form orsellinic acid which subsequently cleaved
simultaneously by a strain of Penicillium madritii isolated from garden 
soil in Madrid (Birkinshaw and Gowlland, 1962). Penicillic acid has 
also been isolated with patulin from a strain of Penicillium roqueforti 
which was isolated from cheddar cheese. (Olivigni and Bullerman, 1978).
Fig. 14. Penicillic acid
2.14. PENICILLIC ACID
Birkinshaw et al., (1936) elucidated the structure of penicillic 
acid, which forms colourless crystals m.p. 84°C, and showed that it exists
to give penicillic acid. Orsellinic acid and penicillic acid are produced
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Although penicillic acid producing moulds are quite widespread 
in nature, plant products, such as soybeans, peanuts and cotton seed,
which contain a large amount of protein, do not support the production 
of this metabolite. Amino acids react with penicillic acid and the 
products of these reactions are not toxic to animals although they are 
still toxic to the chicken embryo (Ciegler et al., 1972).
Both penicillic acid and patulin contain an unsaturated lactone 
ring and it has been reported that lactone compounds may be carcinogenic 
and, indeed, Endmoto and Saito (1972) have reported that penicillic acid 
and patulin cause subcutaneous sarcomas in rats. But there has been no 
evidence of carcinogenicity in animals following oral ingestion of these 
compounds. Penicillic acid has antimicrobial activity against both 
Gram-positive and negative bacteria.
2.15. QUESTIOMYCIN A
This metabolite is one of the phenoxazinone pigments which was 
obtained in crystalline form from the culture fluid of a streptomyces 
isolated from the soil of Kunitachi, Tokyo by Anzai et al., (1960).
Production of Questiomycin A by some strains of Penicillium notatum was 
-reported by Lechevalier (1975) and has been shown to be 2-aminophenoxazin 
3-one (Fig. 15). This compound has been synthesized by oxidation of 
o-amino phenol with P-Benzoquinone as-a dark brown product with m.p.
254 - 256°C (Gerber and Lechevalier, 1964).
Fig. 15.' Questiomycin A
T.L.C. has been used for the separation and purification of this 
metabolite, the best absorbent being Sillica gel G using the solvent 
system benzene-ethyl acetate-glacial- acetic acid and-formic acid (12:6; 
1:1) (Sullivan and Henry, 1971).
Questiomycin A has both wide spectrum antibacterial and antifungal 
properties (Anzai et al.,- 1960; Gerber and Lechevalier, 1964). The 
minimum inhibitory concentration of this compound for A. niger was 75 yg/ml 
and for Penicillium notatum, 25 yg/ml pf agar.
3. RUBRATOXINS
An outbreak of a disease occurred in swine which were feeding on 
heavily mouldy corn. Two toxigenic moulds, Aspergillus flavus and 
Penicillium rubrum, were isolated from this toxic corn. The disease was 
characterized by massive haemorrhage in its acute form, of by liver 
'damage and haemorrhage in its chronic form (Forgacs, 1964). These 
haemorrhagic symptoms were not produced by aflatoxins and would seem to 
be the particular feature of poisoning by Penicillium rubrum and indeed 
a haemorrhagic disease of poultry was reported by Forgacs et al., (1958) 
using P ♦ rubrum and P . purpurogenum.
3.1. ISOLATION, STRUCTURE AND PHYSICO-CHEMICAL PROPERTIES
Crude toxins were first isolated from Penicillium rubrum by 
Wilson and Wilson (1962), who demonstrated that these compounds could 
produce toxic symptoms, in experimental animals. Isolation and 
characterisation of these toxins was described by Townsend et al., (1966). 
The crude toxins were separated into two crystalline compounds named 
rubratoxins A and B (Moss et al., 1967; Hayes and Wilson, 1968). These 
toxic metabolites were separated from the culture fluid of P . rubrum by 
continuous extraction with diethyl ether. The first crystalline toxin 
which was obtained from the crude toxin was rubratoxin A, but the major 
metabolite was rubratoxin B (Townsend et al., 1966; Emeh and Marth, 1976b). 
Rubratoxin B has subsequently also been isolated from P . purpurogenum 
(Natori et al., 1970).
Rubratoxin synthesis by P . rubrum is strain dependant (Emeh and 
Marth, 1976a) and complex media give higher yields than chemically defined 
media. The production of toxins is also dependent on environmental factors 
such as temperature and incubation time. Thus, for example, maximum
o
production of toxins on soybeans was obtained at 28 C after 28 days 
incubation. Soywhey alone did not support rubratoxin production by 
P. rubrum/ but the addition of 2.5% of malt extract provided optimum 
conditions for toxin production. A low pH (4.0) accompanied the increased 
toxin production (Emeh and Marth, 1976a). The nutritional and 
environmental factors affecting the growth of P . rubrum and rubratoxin 
production, have been extensively studied by Emeh and Marth (1976c,
1977a,b) and Hayes et a K , (1970).
Production of ' rubratoxin was reported by Hayes (1972). This 
method was studied in detail by Davis.and Richard (1979). The results 
indicated that the best medium for this purpose was Raulin-Thom medium 
enriched with 2.5% malt extract and 2.5% glucose. Production of labelled 
rubratoxin would be useful in experiments designed to investigate molecular 
interaction of rubratoxin B in biological systems. Radio labelled 
rubratoxin B has been used as an antigen for the radioimmuno assay by 
Davis and Stone (1979). They were able to couple thirteen rubratoxin B 
molecules per molecule of ovalbumin by using carbo diimide HC1 (ECDI) in 
high concentrations at pH 8.0. This conjugated compound was used for the 
immunization of rabbits and anti rubratoxin antibody was produced.
Degradation of rubratoxin by the producing organism has been 
reported by Emeh and Marth (1978b).
The structure of rubratoxins (Figs. 16 and 17) have been studied 
by Moss et, al., (l968a,b; 1969) and Buchi et al., (1970). Rubratoxins
belong to a group of mould metabolites called the nonadrides. Rubratoxin B 
is very soluble in acetone and ethyl acetate, moderately soluble in ethyl 
alcohol, slightiy soluble in diethyl ether and insoluble in non-polar 
solvents such as petroleum ether. The crystalline toxin is soluble in 
distilled water only after prolonged shaking. Addition of a drop of 
ethyl alcohol, to wet crystals, is helpful in the preparation of aqueous 
solutions of this toxin. The physico-chemical properties of rubratoxins 
are summarized in Table III (Moss et al., 1971).
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Table III. Physico-chemical properties of rubratoxins
Rubratoxin A Rubratoxin B
Molecular formula
C 26H32°11 C26H30°11
Molecular weight 520 518
Melting point 210-214°C (dec) 168-170°C (dec)
X Max '(CH CN). 252 mm (4430) 251 mm (9700)
y Max 3400-1850-1815-1770- 3520-1858-1815-1785-
1760-1720-1695-960- 1755-1705-1690-925-905-
925-895-815-750 Cm”1 820-750-720 Cm”1
(C=2 acetone) + 87° + 67°
The rubratoxins are complex compounds and behave as weak acids and 
also react with reagents which attack double bonds. Rubratoxin A, when 
heated with sodium hydroxide solution, gives a yellow colour which can be 
used for the colorimetric assay of this compound. Rubratoxin B is stable . 
and doesn't give any colour with sodium hydroxide under the same conditions. 
This reaction was used by Moss and Hill (1970) to distinguish rubratoxin A 
in a mixture of these two toxins.
Incorporation of labelled compounds into rubratoxins A and B has 
been studied by Emeh and Marth (1978a). In all experiments when labelled 
compounds were added to culture media, optimum incorporation occurred after 
’21 days incubation. Incorporation of acetate and malonate into toxins 
confirmed the theory that the polymalonate pathway is involved in the 
biosynthesis of rubratoxins. Rubratoxins, which are C^  compounds, are 
produced by the head to tail, head to tail coupling of two units, 
derived from a derivative of decanoic acid and oxaloacetic acid. (Moss,
1971). . Emeh and Marth (1978a) reported that, the incorporation of labelled 
acetate into toxin was influenced by nicotinamide adenine dinucleotide 
phosphate (NADPH). The incorporation of acetate was enhanced by reduction
of this compound. . They suggested that low incorporation efficiency may 
have resulted from incorporation, of labelled compounds into lipid, because 
rubratoxin formation and lipid synthesis have a similar initial pathway, 
involving acetate and malonate (Moss, 1971). It is also possible that 
the same pathway operates in the initial chain elongation for both lipid and 
rubratoxin formation. Rubratoxins are formed early-in vegetative mycelial 
development, when the C:N ratio is high in the medium (Emeh and Marth,
1977c). These authors suggested that there was a relationship between 
rubratoxin synthesis, protein and RNA synthesis in P . rubrum. The 
synthesis of toxins, accumulation of mycelial dry weight, and protein 
synthesis increased until 108 hours and then synthesis of all of.them 
.decreased.
3.2. ANALYSIS .
Ultraviolet absorption spectrometry of rubratoxin B can be used for
-3
the determination of this toxin with concentrations between 1 x 10 to 
-5
3.8 x 10 M in acetonitrile or P-dioxane. (Neely et al., 1978). They
reported that the measurement of fluorescence may also be a useful method
of analysis of this compound. Fluorescence was measured in acetonitrile
-7
at a concentration of rubratoxin B as low as 5.45 x 10 M. No fluorescencee
was detectable in aqueous solutions of rubratoxin probably due to a 
reversible reaction of toxin with water. Crystalline rubratoxin B is 
stable both when heated at 100°C for 24 hours and on exposure to light but 
solutions of rubratoxin should not be exposed to light.
Bruce et al., (1978) described a new method for the isolation of
rubratoxins A and B by column chromatography on a mixture of acid alumina,
silica gel and celite. The column was prepared using a
254+366
mixture of 100 g of each of silica gel HF . r and celite. The crude
Z d 4+joo
toxins were dissolved in acetone, transferred onto the column, and then 
eluted with benzene, followed by benzene-chloroform (1:1), benzene-ethyl 
acetate (20-80), and finally the column was eluted with increasing 
quantities of acetone in absolute ethyl alcohol. The results showed that 
the yield of rubratoxin A recovered increased as the volume of ethyl 
alcohol used in the eluent increased, and the amount of rubratoxin B 
increased as the volume of acetone increased and was highest when the 
concentration of acetone approached 100%.
A solvent system which was suitable for the separation of 
rubratoxins by thin layer chromatography was suggested by Hayes and 
Wilson (1968) using a mixture of methanol-chloroform-acetic acid 
(20-80-2 by volume). The Rf value of rubratoxin B on silica gel H F 2 5 4  
was reported to be 0.55 - 0.60 but the Rf is very sensitive to the 
activity of the plate and environmental conditions in which the plates 
are run. Hayes and McCain (1975) reported that rubratoxin B might be. 
converted into a fluorescent derivative when T.L.C. plates are heated 
at 200°C for 10 minutes. With this method they were able to detect as 
little as 0.5 yg of rubratoxin B. The best solvent for extraction of toxin 
•from corn was ethyl acetate and acetonitrile. Bromocresol green was the 
only tested spray reagent that gave a colour reaction with rubratoxin B, 
but it is not sensitive enough to detect 5 yg of the toxin. Other solvent 
systems which have been used for the separation of rubratoxins are: 
methanol-chloroform-acetic acid - water (20-80-1-1) (Hayes and McCain,
1975), ethyl acetate-acetic acid (85-15) (Emeh and Marth, 1976a), Toluene- 
ethyl acetate and formic acid (6-3-1) (Richard et al., 1974). High, 
pressure liquid chromatography was used by Engstrom et al., (1977) for 
the detection of as little as 5 ng rubratoxin B. Moss and Rajkovic,
(1977)^ used a descending paper chromatography for the direct examination 
of culture filtrates of P. rubrum without preliminary solvent extraction. 
The solvent system contained ethyl acetate-formic acid-water (3-1-1)
e
and the chromatogram was sprayed with 10% acetic anhydride in pyridine and 
heated for 20 minutes at 110°C. Rubratoxins were detected by their blue 
fluorescence when examined under U.V. light. In this system, the Rf 
value for rubratoxin B was 0.94.
3.3. BIOLOGICAL ACTIVITY
Wilson and Wilson (1962) reported the toxicity of rubratoxins to 
animals and described the appearance of haemorrhaging of liver. They 
also found that the kidneys were slightly anaemic and that there was 
occasional haemorrhaging of the lungs. It seemed that these toxins were 
primarily hepatotoxins. Rubratoxins in most species of higher animals 
cause haemorrhages in a wide range of organs and tissues but, the 
of the toxins varies in different species. The route of administration 
of toxin has a considerable influence on the toxicity of these compounds.
The acute toxicity of rubratoxin in the dog was studied by Hayes et al., 
(1973). The susceptibility of a dog to the acute effects of rubratoxin 
was the same as in other species of animals, and the liver was the organ 
most affected. Cholesterol in the serum.of treated dog increased and 
microscopic observation showed some accumulation of fat in the liver. 
These data indicated that the liver was still able to release newly 
synthesized lipid. Young animals are more sensitive to the toxin than 
adult animals. The oral LD^^.of toxin in adult rats was nearly 50 times
greater than 24 hour old rats (Hayes et al., 1977). The LD^0 values of
rubratoxin B to animals are summarized in Table IV.
‘Table IV. LD_ of rubratoxin B to animals--------------------------- tjQ--.------- - --------------------------------------------
Animal Species Route LD50 mg/kg References
Mouse IP 3.0 Rose and Moss (1970)
Mouse oral 250 Edwards.and Wogan (1968)
Cat IP 1-1.5 Wogan et al., (1971)
Dog IP 5 Wogan et al., (1971)
Guinea Pig IP 0.5 Wogan et al., (1971)
Rat IP 0.35 Wogan et al., (1971)
Rat oral 400-450 - Wogan et al., (1971)
24 h.rat oral 6.38 Hayes et al., (1977)
Chicken IP > 4 . 0 Wogan et al., (1971)
One day chicken oral 83.2 Wyatt and Hamilton (1972)
IP = intraperitoneal injection
• A study of intraperitoneal toxicity of rubratoxin derivatives and
related compounds to male mice, showed that rubratoxin B itself, was the 
most toxic compound and any changes in the structure of rubratoxin B 
caused a decrease in its toxicity (Table V . ' Rose and Moss, 1970).
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The chronic toxicity of rubratoxin has been studied in rats by 
oral administration for the determination of any carcinogenic activity 
of this toxin. No evidence of carcinogenic activity was observed in 
any of the animals treated by rubratoxin (Wogan et al., 1971). These 
animals - appeared healthy and showed normal weight gain until just 
before the onset of symptoms. Within a period as short as three days, 
they lost their appetite and rapidly lost about 20 - 30% of their body 
weight. They developed anorexia, diarrhoea, discharges from eyes and 
ears and then died. Rats showed chronic liver damage but no evidence 
of neoplastic lesions had been reported by Edward and Wogan (1968).
Simultaneous feeding of rubratoxin B and aflatoxin B, resulted 
in the development of severe toxicity symptoms and it seems that aflatoxin 
has a synergistic effect on the toxicity of rubratoxin B. (Wogan et al., 
1971; Edward and Wogan, 1968). This observation is of interest in view 
of the possible simultaneous contamination of food stuffs with both 
toxin producing moulds and by both mycotoxins which can then cause higher 
mortality in animals. Administration of rubratoxin B to pregnant mice 
on any days between 8 - 1 4  days of gestation produced various nonspecific 
foetal anomalies. (Hood et al., 1973; Koshakji et al., 1973). It was 
reported that rubratoxin B was embryocidal, embryopathic, foetocidal 
and foetopathic when administered to the pregnant mice. Embryotoxicity 
of this compound has been confirmed by Evans and Harbiso'n (1977) ; Evans 
et al., (1975).
Rubratoxin B. when administered-alone has been shown to have a 
low toxicity to broiler chickens and did not cause a haemorrhagic 
anaemia syndrome associated with the consumption of mouldy grains. 
Administration of a lethal dose to the bird gave rise to mild kidney 
congestion, red mottled liver and occasional slight haemorrhage of the 
internal organs, such as the intestines and pancreas (Wyatt and Hamilton,
1972). Simultaneous administration of rubratoxin B and aflatoxin B, 
to the broiler chicken has also been studied by Wyatt et al., (1973) 
and their data showed that these two toxins do not interact in the chicken, 
despite the report of an interaction of these two compounds in rats 
(Wogan et al., 1971). The reduction in growth rate, which was the most 
sensitive indicator of rubratoxicosis, required a dose of 500 )J9/9 °f 
body weight of broiler chicken, and the. occurrence of other symptoms
required 1000 yg/g body weight (Wyatt and Hamilton, 1972). Since dose 
levels this high would probably not occur in nature, rubratoxin could 
rarely be responsible for toxicosis in chickens.
Reiss, (1977b) reported that rubratoxin B had no toxic effect 
on amphibian larvae (Rama temporaria and Triturus alpestris)and 
teratogenic effects were never seen in both amphibians.
The culture filtrates of P . rubrum inhibited the growth of Hela 
cellswith an accumulation of mitotic cells (Umeda et al.,. 1970; Natori 
et al., 1970). The majority of these, mitotic cells had short chromosomes 
dispersed in the whole cytoplasm. Rubratoxin treated cells may recover 
if, after 24 hours, they are transferred into control medium. It 
appeared that rubratoxin indirectly damaged the chromosomes. Hayes, 
(1976b) reported that rabbit corneal cells were affected by rubratoxin B 
and became abnormal in shape. His data showed that 75 yg of rubratoxin 
was required to kill 50% of cells.
The effect of mycotoxins on the nuclei of animal cells has been 
studied by different investigators, but very little is known about their 
effect on the nuclei of plant cells. Reiss (1975a) reported that 
rubratoxin reduced the mitotic index, and especially decreased the number 
of anaphases in Allium cepa. This compound also had an ‘inhibitory 
effect on the germination of cress seeds. Rubratoxin also influences 
the formation and elongation of roots of Kalanchoe daigremontiana 
(Bryophyllum daigremontianum) (Reiss, 1977a). Inhibition of mitosis 
seems to be a common feature of mycotoxin poisoning in animal and plant 
cells.
Many investigations have been concerned with the toxicity of 
mycotoxins to vertebrates but very little is known about the effect of 
these compounds on invertebrate animals. Insecticidal activity of 
rubratoxin was reported by Cole and Robinson (1972) and Reiss (1975b). 
This compound was also shown to be toxic to the larvae of the fruit fly 
Drosophila melanogaster. Rubratoxin B, at a concentration of 100 yg/ml, 
was shown to be lethal to cyclops fucus. (Reiss, 1972b).
The majority of bacteria, especially Gram negative species, are 
insensitive to rubratoxin, but a small amount of rubratoxin (0.001 yg/ml)
could prevent the change of colour of indicator in a medium inoculated 
with spore strips of Bacillus stearothermophilus (Reiss, 1975c).
. . Although the mutagenic effect of rubratoxin has been reported in
the embryo rat by Evans et al., (1975) mutagenicity has not been 
demonstrated using Salmonella (Kuczuk et al., 1978). The sensitivity of 
133 strains of bacteria, fungi and algae to rubratoxin has been examined 
by Hayes and Wyatt (1970). Rubratoxins had no effect at 100 or 1000 yg 
per disc on the algae and Gram-negative bacteria, whereas Gram-positive 
bacteria, including B . subtilis, Micrococcus and Staphylococcus aureus 
were inhibited by 1000 yg rubratoxin per disc. The most sensitive 
organisms were Tetrahymena pyriformis and Volvox aureus which were 
inhibited by less than 25 and 50 yg rubratoxin per ml respectively. Wyatt 
and Townsend (1974) reported that rubratoxin A was more toxic to 
Tetrahymena pyriformis than rubratoxin B. The concentration of toxin 
required to produce 50% growth inhibition was 8.75 yg/ml for rubratoxin A 
and 20.5 yg/ml for rubratoxin B. Hayes (1973) reported that the toxicity 
of rubratoxin B on the growth of T. pyriformis was affected by several 
parameters i It varied with time of exposure and the early addition of 
rubratoxin caused a delayed response, whereas late addition induced an 
„ immediate response, also the toxicity decreased by using a large amount 
of inoculum.'
Sulivan and Ikawa (1972) reported that this toxin had no inhibitory 
effect on the growth of Chlorella pyrenoidosa despite a report of Ikawa 
et al., (1969) which suggested that a strain of P . rubrum, able to produce 
rubratoxin, showed.an inhibition zone on a plate seeded with chlorella.
The effect of rubratoxin on bacteriophages was studied by Hayes 
(1976b). N o .changes were observed.in the bacteriophages which were 
tested using 100 yg rubratoxin.
Rubratoxin B had a strong influence on the fermenting activity 
of yeasts. The fermentation activity was measured by the amount of CO^ 
produced. A high concentration of toxin inhibited the production of CO^ 
and the amount of CO 2  increased as the toxin concentration was reduced 
(Reiss., 1973) .
The toxicity of rubratoxin to different species of fungi was 
studied by Reiss (1972a), who showed that 100 yg rubratoxin per disc 
completely inhibited the sporolation of several species of fungi and 
that most fungi showed damage and abnormality of vegetative hyphae.
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Using C labelled rubratoxin B to mice and rats showed that
half of the compound or its metabolites were excreted by mice during
the first 24 hours of administration. Hayes (1972). The major route
of excretion was as respiratory C02 (30% in mice and 40% in rats).
Most of the radioactivity derived from rubratoxin B was present in liver
and kidneys one hour after administration. The highest concentration
of radioactivity was found in the liver reflecting the hepatotoxic
effect of rubratoxin. A 'number of studies have concentrated on the
r 14 Teffects of rubratoxin in liver metabolism.. The metabolism of; J.C J 
rubratoxin B by rat hepatic subcellular fractions showed that the 
transformation of rubratoxin was most active in the microsomal 
supernatant fraction (Unger et al., 1979). Toxin was. converted into 
mainly water-soluble compounds and at least four unidentified derivatives, 
soluble in organic solvents, that three of these were produced in the 
microsomal supernatant fluid by an enzymatic process. Most of the 
, transformation of rubratoxin B which occurred in the microsomal preparation 
could be accounted for as a non-biological conversion of the toxin to 
an unidentified compound, that was non-enzymatic, and soluble in organic 
solvents. The requirement for this conversion appeared to be nicotinamide 
plus anion (phosphate or halide). Interaction of rubratoxin B with 
nicotinamide could have significant biological consequences, since 
nicotinamide is a precursor to vital co-factors (NAD, NADP). Single 
doses of 1.67 and 2.67 mg rubratoxin/kg body weight, given intraperitoneally, 
caused a decrease in total liver protein and glycogen while the 
accumulation.of lipid in the liver.increased, although a smaller dose 
(0.67 mg/kg body weight) either by IP injection or PO administration 
(stomach tube) had a stimulatory effect on liver protein synthesis as 
measured by the incorporation of labelled leucine (Hayes and Wilson, 1970). 
Disaggregation of polyribosomes in mouse liver is one result of the 
activity of rubratoxin B in the liver. Watson and Hayes (1977) suggested 
that rubratoxin itself does not directly interact with polysomes.
Inhibition of protein biosynthesis at higher concentration of rubratoxin 
could be due to disruption of polyribosomes. Oral administration of
rubratoxin at dose levels of 2 - 10 mg/day to guinea pigs over a three 
weeks'period caused significant increase in the prothrombin time of 
serum, 5-globulin increased, $ -globulin decreased and the total serum 
protein remained unchanged (Richard et. al., 1974), although a decrease 
in total serum protein was found in chickens fed rubratoxin contaminated 
feed for three weeks (1000 yg/g of feed). (Wyatt and Hamilton, 1972).
It has been found that the carcasses of rats which died of acute 
rubratoxicosis appeared to decompose more readily than the control 
animals. Such decomposition of tissues may be due to the increased 
activity'of lysosomal enzymes. Hayes, and Hunter (1973) reported an 
increase in activity of 3-glucuronidase and acid phosphatase in rat 
liver tissues after intraperitoneal administration of 0.5 mg rubratoxin/kg 
body weight. The activity returned to control levels after 24 hours in 
animals which survived. It is possible that rubratoxin B causes 
breakdown of lysosomes and releases the lysosomal enzymes.
Intact liver mitochondria have little or no ATPase activity.
This effect increases in damaged mitochondria or in the presence of 
certain uncoupling agents such as dinitrophenol. Rubratoxin B does not 
cause such stimulation of ATPase activity, but there is some evidence 
that the structural integrity of the mitochondria is lost in the presence 
of rubratoxin. (Madhavikutty and Shanmugasundaram, 1969). It is 
reported that the activity of oligomycin sensitive magnesium ATPase, which 
is mitochondrial, is itself inhibited by this toxin (Desaiah et al., 1977). 
Since there is an association between oligomycin sensitive magnesium 
ATPase and oxidative phosphorylation and an intimate involvement of Na - 
K+ activated ATPase in ion transport across cell membranes, Hayes (1976a) 
has reported that the rubratoxin B affected the electron transport 
system in mouse liver mitochondria. The inhibitory effect of this toxin 
in mitochondria may also be related to membrane transport. Rubratoxin B 
affected Krebs cycle actively both in vivo and in vitro. This toxin 
inhibited the oxygen uptake of succinate and citrate in mouse liver 
homogenates (Hayes and Hanna, 1973). The liver cell necrosis, as part 
of the hepatotoxic effect of rubratoxin B, might be due to inhibition of 
cell respiration.
4. STRUCTURE OF FUNGAL HYPHAE AND PROTOPLASTS
Fungi display a wide variety of morphological form ranging from 
the microscopic unicellular yeasts to the multicellular and macroscopic 
mushrooms. The essential vegetative structure of the fungi is the hyphal 
filament or its equivalent in the unicellular forms, the yeast cell. The 
mass of hyphae constituting the thallus of the fungus is called the mycelium. 
Hyphae present a large surface area through which substances can be 
interchanged with the environment. Essential materials for the 
biosynthetic processes of growth and development are absorbed from the 
environment and waste products are excreted.
Fungi may be divided into two groups on the basis of their 
morphology, unicellular forms and filamentous forms. Most fungi are 
filamentous and develop from a germinating spore. Hyphae show a wide 
range of length and diameter depending on species, age and cultural 
conditions. The wall of the growing hyphal tip is not very thick, often 
0.2 ym or less, and becomes thicker after its formation, even immediately 
behind the'growing apex. (Burnett, 1976).
Many fungal hyphae are divided into cells or compartments by 
cross walls' Or septa which in many instances contain a pore and each 
cell contains one or more nuclei. All growing hyphae are filled with 
cytoplasm which is frequently vacuolated. As the hyphae grow, branches 
arise behind the tip area and the protoplasm continually moves forward 
occupying-the newly formed areas. (Smith, 1975). Fungal cells have a 
cytoplasm which is.bounded by membranes which act as the main osmotic 
barrier, and are themselves surrounded by the cell wall. Ultra thin 
sections of hyphae of Penicillium chrysogenum showed that the cell walls 
are thick and seem to be somewhat separated from the cytoplasm. The 
nuclei have a thin membrane and are filled with small granules or 
filamentous bodies {Tsuda, 1956). Tsuda (1956) suggested that the 
granules which are scattered in the cytoplasm of P. chrysogenum, as well 
as in aspergilli, are probably mitochondria like bodies.
The fungal cells, like the bacteria cell has two components. A 
rigid cell wall which protects the fragile protoplast from damage and 
maintains the characteristic shape of the cell. This cell wall can be
removed by enzymic digestion and the naked protoplast will remain if it 
is suitably protected from osmotic damage. (Peberdy, 1972).
• • 4.1. THE CELL’WALL
The structure of fungal cell walls is important, because it is 
the first and perhaps the only barrier that protects the cytoplasm from 
the external environment. The cell wall is composed of an outer dense layer 
about 0.05 y thick and a less dense layer of about 0.3 y. Chemically, the 
fungal cell wall contains polymers of glucose, mannose and sometimes galactose 
with small amounts of protein, lipid and chitin, (Villanueva and Garcia Acha, 
1971). It seems probable that in all fungal walls the outer region will 
be structurally amorphous and the microfibrillar materials will be embedded 
in the innermost region. The microfibrillar elements are often regarded 
as the skeletal material of the wall. It is often possible’to remove 
any two of the three major components, amorphous carbohydrate polymers, 
protein, microfibrillar polymers, without disintegration of the wall.
(Northcote and Horne, 1952; Manocha and Colvin, 1967; Hunsley & Burnett, 1970)
4.1.1. THE PRINCIPAL COMPONENTS OF THE FUNGAL CELL WALL
(a) Polysaccharides: Polysaccharides of fungal cell walls are built 
from a variety of sugars. At least eleven monosaccharides have 
been reported as occurring in fungal cell walls, but only three, 
D-glucose, N-acetylglucosamine, and D-mannose are consistently
' found in most fungi. Their relative proportion, however, varies 
enormously from traces in certain organisms to principal components 
in others. Polysaccharides are the main structural components of 
fungal cell walls accounting for some 80 - 90 per cent of the cell 
wall (Peberdy, 1972).
(b) Chitin; In the vast majority of the fungi, it is probable that the 
essential microfibrillar compound is chitin, a polymer of 
N-acetylglucosamine. In some fungi such as ascomycetous yeasts, 
the chitin content of the wall is very low or zero (Crook and 
Johnston, 1962), and the principal microfibrillar element is
considered to be a branched-chain polymer of 3(1 3) - linked
glucose residues with 3(1 6) linked side branches, some 15 - 30
glucose units long (Manners et al., 1973). Chitin has not been 
found in the walls of Qomycetes and Zygomycetes, but occurs in 
.other groups of filamentous fungi as microfibrils (Mahadevan and 
Tatum, 1965; Hunsley and Burnett, 1970). In Qomycetes, its place 
as the fibrillar phase is taken by cellulose, while Zygomycetes, 
contain the closely related chitosan (Bartnicki-Garcia and Reyes, 
1968). The chitin content of walls is quite variable, from 5% 
of the wall dry weight to 60% in different species of.fungi.
Chitosan is the deacetylated analogue of chitin. It has so far 
been described as a major component only in Mucor and Phycomyces 
(Bartnicki-Garcia, 1968).
(c)■ Protein: Walls purified by extensive washing and centrifugations
usually contain 10 - 15% by weight of protein. Part of the protein 
is enzymatic having invertase, acid phosphatase and other enzyme 
activities (Peberdy, 1972). Very little is known about the cell 
wall protein of fungi, but in several cases, elementary amino acid 
analyses have been made. Wall proteins contain 14 amino acids
and- interestingly, hydroxy proline occurs in fungi having cellulose 
but not in those having chitin in the wall (Bartnicki-Garcia,
1968). It has been suggested that protein may also have a 
structural role but as yet no evidence for this has been presented. 
(Peberdy, 1972). •
(d) Lipid: Lipid materials account for a small, but significant part
of the total cell wall (about . 5 - 10%) but its role in fungal cell
walls is unknown. At present, there is only very little information 
about the nature and function of the lipids associated with the 
wall (Rosenberger, 1976).
(e) Melanin: Sometimes substantial amounts of pigments (melanin) are
found in fungal cell walls and may account for up to 20% of the 
wall dry weight. Melanins are secondary metabolites and are 
produced in large amounts only after active growth has ceased 
(Rosenberger, 1976).
4.1.2. MICROFIBRILLAR AND MATRIX MATERIALS
The fungal cell is a fabric of interwoven microfibrils embedded 
in, or cemented by, amorphous matrix substances. At least one of the 
polymers in the wall always appears to be present in the form of 
microfibrils. Chitin or cellulose are known to be the microfibrillar or 
skeletal components of the wall of the vast majority of fungi.- The 
matrix phase usually contains proteins and various polysaccharides 
(glucans, mannans, galactans). (Rosenberger, 1976). Changes in the
relative amount of fibres and matrix should affect the plasticity 
of the wall and it appears that such .changes do occur in hyphae. As the 
young apical wall matures, both the diameter and the density of microfibrils 
increase and at the same time the wall becomes more rigid. (Hunsley and 
Burnett, 1970; 1968).
Trevithick and Metzenberg (1966) observed that an "osmotic" 
mutant of Neurospora crassa, with its less rigid and irregularly- shaped 
walls, contained in its walls much more galactosamine and less glucosamine 
than the wild type. This suggests that a proper balance of hexosamine 
polymers may be essential for maintaining the rigidity and regularity of 
the hyphal walls of this fungus.
The cell wall mannan content of various dimorphic fungi has been 
observed to vary according to morphology (mycelial or yeast like form).
For instance, yeast walls of Mucor rouxii have five to six times as much 
mannose as the hyphal walls of aerobically grown mycelium. Also slightly 
more mannose was found in yeast walls than in filamentous walls of 
Aureobasidium pullulans. On the other hand, the yeast form of Histoplasma 
capsulatum had nearly one fifth the mannose content of the mycelial fora.
In ellipsoidal cell walls of Hansenula schneggii, 2.5 times less mannan 
was detected, compared with the walls of highly elongated cells of this 
fungus. From these-data, it is obvious that measurements of overall 
mannose content do not support a universal role of mannan in dimorphism.
But there is a possibility that the different type of the mannans, 
glucomannan, phosphomannan, heteropolyuronides, hhve a different 
architectural influence on the cell wall. (Bartnicki-Garcia, 1968).
It should be observed that the structure and composition of fungal 
cell walls can' vary, both in relation to differentiation and according to 
the environmental conditions. Different methods and cultural conditions 
are used to produce cell wall preparations for study. The possibility that 
matrix arrangement is associated with culture composition and the 
procedure used for the preparation of cell wall can not be dismissed. Even 
in the electron microscopy of ultra thin sections of cell wall, it is 
possible that different fixation procedures with the same fixative may give 
a different image of the wall. Although the cell wall is the only barrier 
outside the plasmolemma protecting the cytoplasm from the external 
environment, it is unknown what role the matrix components play in survival 
or other processes. (Schneider and Wardrop, 1979).
4.2. PROTOPLASTS- FROM FUNGI
The term protoplast has been used since 1953 by Weibull and other
workers to designate the structure remaining when the cell wall was 
removed from a bacterial cell. This concept has therefore been applied 
to the wall-less state of a variety o f .microorganisms. The term spheroplast 
is used to describe protoplast structures which have cell wall residues 
associated with the plasma membrane. Lysis of the fungal cell wall has 
made it possible to obtain protoplasts. The complete absence of cell wall
from osmotically sensitive spherical protoplasts is very important.
Observation of the release of protoplasts in fungi show that very often an 
empty wall remains after emergence of the spherical structure. It has 
also been observed that digestion of the cell wall may take place gradually 
and uniformly all around the cell wall, so it is not possible to observe 
the appearance of an empty cell wall. The normal working criteria for 
the absence of wall material, in most laboratories are: 1 - Osmotic 
fragility 2 - Assumption of a spherical form due to the loss of rigidity 
of the wall 3 - Observation of protoplast release. (Peberdy, 1972).
The nature of protoplast release is different according to whether 
the organism is unicellular or filamentous. In filamentous fungi, 
protoplasts may be released from the tip of the hyphae or from pores 
which are produced in the hyphal wall. Sometimes, with a very active 
enzyme, it is possible that the whole cell wall is digested, and released 
the protoplasts' in the suspending medium. The hyphal walls of various
fungi vary in their susceptibility to enzymic attack. Although very often 
the growing tips are shown to be more susceptible to this attack and 
protoplasts often come out of these points. (Peberdy, 1972).
In studies with Aspergillus nidulans, protoplasts ranging from 
4.1 - 13.75 ym in diameter were released over a 3 hour incubation period. 
(Peberdy and Gibson, 1971). The smallest protoplasts were non-vacuolate 
and were the first to be released. A protoplast may have one large or 
several small vacuoles or none at all. The presence of a dense cytoplasm 
with vesicles and no large vacuoles in the small protoplasts was confirmed 
by Heath et al., (1971). The vesicles may be involved in wall formation.
In general, it has been shown that protoplasts at the fine 
structure level resemble the cells from which they arise, except that the 
endomembrane content is much less. Mitochondria, vacuoles, vesicles and 
nuclei have been seen regularly, but the endoplasmic reticulum appears to 
be sparse or absent.: In Aspergillus nidulans, the first protoplasts
released had small vesicles and a high density of ribosomes. The type 
released later had large vacuoles and fewer ribosomes. It is suggested 
that these differences are due to the hyphal location and origin of the 
.protoplasts (Gibson and Peberdy, 1972).
4.2.1. METHODS FOR THE PREPARATION OF PROTOPLASTS
Different methods have been used for the preparation of protoplasts 
from fungi. These methods can be divided into three major groups.
(a) Use of lytic enzymes. This method is similar to that used for the 
isolation of bacterial protoplasts. For this purpose can be used 
snail enzyme, microbial enzyme or other enzyme preparation.
(b) Mechanical or autolytic methods.
(c) Use of specific inhibition of cell wall synthesis, without 
affecting, the cytoplasmic composition.
(a.) Use of lytic enzymes
Snail enzyme was used for the release of protoplasts from different 
species of mould and yeast by many workers. Eddy and Williamson (1957) 
observed that the cell wall of certain strains of Saccharomyces 
carlsbergensis and Saccharomyces cerevisiae are susceptible to attack by 
the snail enzyme and in the presence of a relatively high concentration of 
sugars, stable protoplasts are obtained. The use of this enzyme for the 
production of protoplasts from yeasts was also reported by Millbank and 
Macrae (1964) and Arnold and Garrison (1979) . In the case of Saccharomyces 
rouxii for obtaining a good yield of protoplasts with snail enzyme, Arnold 
and Garrison (1979) suggested-that the digestion mixture must be fortified 
•with at least 1 M KC1 and preferably 2 M KC1. Similar methods have been 
used for the preparation of protoplasts from filamentous fungi with snail 
enzyme. Bachman and Bonner (1959) obtained stable protoplasts from all 
wild type and mutant strains of Neurospora crassa with snail enzyme in 
a solution containing 2 0  per cent sucrose.
A logical source of microorganisms which produce wall degrading 
enzymes is soil, because lysis and decay of fungi occur there as part of 
the total biological turnover of organic substrates. Enzymes of various 
microorganisms have .been found useful for the lysis of fungal cell walls.
The more active species are in the genera Bacillus, Streptomyces and 
Micromonospora (Villanueva and Garcia Acha, 1971). Microbial lytic 
enzymes active on fungal cell walls are easy to produce and should prove 
useful in structural studies. One should not expect to find a lytic 
preparation from any organism able to produce protoplasts from all 
microorganisms.
A species of Bacillus was selected by. Phaff _et al., (1961) for a 
study of hydrolytic enzyme production in shake cultures using cell walls 
of baker’s yeast. Thsy showed that the enzyme attacked the glucan component 
of the cell wall but not the mannan. They were able to isolate and purify 
the mannan component from an enzymatic digest of cell walls and the purified 
mannan appeared to be free of glucose. Use of Bacillus circulans for the 
preparation of protoplasts from fungi was also reported by Tanaka and 
Phaff (1965). The lytic enzyme was prepared by growing the B. circulans in 
a liquid mineral medium containing 0.5% baker's yeast cell walls as the 
carbon source.. .
Garcia Mendoza and Villanueva (1962) isolated a species of 
Streptomyces from the soil which produced an enzyme which was able to lyse 
cell walls of a number of yeasts. Protoplasts from the mycelium of 
Phytophthora cinnamomi and P. parasitica were released by digestion of 
their hyphal walls with an extracellular enzyme preparation from Streptomyces 
sp. by Bartnicki-Garcia and Lippman (1966). The protoplasts of Fusarium 
culmorum, Aspergillus nidulans and Trichothecium roseum were prepared by 
using an enzyme preparation for Streptomyces RA by Rodriguez et al.,
(1964). For preparation of lytic enzyme the Streptomyces RA was grown at 
28°C in a medium containing (%w/v) chitin (0.2) - K^HPO^ (0.1) - Mg SO^,
TH^O (0.65), washed A. nidulans mycelium (10). After eight days incubation 
in shaking flasks, the medium was centrifuged and the supernatant collected. 
The enzymes present in the medium were precipitated with ammonium sulphate, 
redissolved and freed of salts by dialysis and finally sterilised through 
millipore filters and lyophilized.
Musilkova et al., (1969) reported that the enzymes formed by the 
fungus Penicillium purpurogenum could release protoplasts from Aspergillus 
niger in a suitable stabilizer solution. The lytic enzyme obtained from 
this fungus also destroyed the cell walls of some other fungi. Preparation 
of protoplasts from giant cells of Aspergillus niger by an enzyme isolated 
from culture filtrates of Trichoderma viride, grown on a medium supplemented 
with purified wall polysaccharides of A. niger giant cells, was reported 
by Davis et al., (1977). A lytic enzyme of Trichoderma viride, grown on 
a culture medium containing chitin and laminaria meal, have been also used 
for the preparation of protoplasts from Aspergillus nidulans by Peberdy and 
Isaac (1977).
(b) Mechanical methods or outolytic enzymes
Necas (1956) during his experiments, found that, under certain 
conditions in the absence of external enzyme, lysis of cell membranes in 
the surface layer of the Saccharomyces cerevisiae took place and the 
protoplasts became loose and broke into several droplets. In autolysing 
cultures, it seemed that the surface structures of yeast cells became 
digested by enzymes which are closely bound to the protoplasm and protoplasts 
were released. He also obtained protoplasts by mechanical pressure on the 
yeast cells. In this case' a large number of the plasma droplets flow out of 
the cells but only one of them contains.the whole nucleus.
(c) Specific inhibition of cell wall synthesis
There is evidence that some substances interfere with biosynthetic 
reactions involved in the formation of .cell wall, without affecting the 
other reactions that are connected with the synthesis of protoplasm.
These compounds cause unbalanced growth in which some cells produce an 
abnormal cell wall or some can produce no cell wall at all. In order to 
demonstrate the effect of these compounds, cells have to be in an actively 
growing state and in the presence of the stabilizing solutions, such as 
hypertonic sucrose.
An osmotic mutant of Neurospora crassa was studied by Hamilton 
and Calvet (1964). It was grown in a minimal medium containing increasing 
concentrations of sorbose. In 20% protoplasts were produced as a result of 
the inhibition of cell wall synthesis. Similar molar concentrations of 
sucrose, glucose and fructose had the same effect on preparations of 
protoplasts without cell wall synthesis. They suggested that there is a 
relationship between the inhibition of cell wall synthesis and osmotic 
pressure.
4.2.2. SEPARATION OF PROTOPLASTS
Protoplast suspensions of filamentous fungi can be partially freed 
of remaining hyphal filaments by filtration of the whole suspension through 
sinter glass filters to remove most of -the mycelium (Peberdy and Gibson, 
1971). .Protoplasts can be collected by centrifugation at low speed 
( 5 0 0 - 8 0 0  g) and purified from the contaminating media by resuspension in 
an appropriate osmotic stabilizer and centrifugation.
Some factors are effective in the formation of protoplasts in fungi. 
Musilkova and Fencl .(1971) demonstrated that the stability of protoplasts 
of A. niger increased on adding divalent cations to the stabilizer
solution. The highest yield of protoplasts in this strain was obtained from 
young, freshly harvested hyphae, grown on a simple medium of sucrose and 
Asparagine, on a rotary shaker. The optimal condition for the release of 
protoplast of A . .niger was 1% snail enzyme and incubation at 31°C in shake 
flasks. (Musilkova and Fencl, 1968).
Protoplasts are osmotically sensitive and must be stabilized by 
carbohydrates or salt solutions. They are very fragile and cannot be 
dried without disruption. A fundamental property of protoplasts is their 
osmotic fragility. A stabilizer is essential for producing protoplasts 
and for maintaining their integrity. In the absence of stabilizer, 
protoplasts will immediately lyse during the process of release from the 
mother cell. A variety of solutes have been used as osmotic stabilizers by 
different workers to obtain protoplasts from fungi. The concentration of 
the solutes used as stabilizer varies considerably. This phenomenon can 
be correlated to some extent with differences in internal osmotic pressure 
in different species. Media containing Mannitol, Sorbitol and Sucrose 
have been preferred by most workers. And salts including Magnesium 
sulphate, Potassium chloride and Ammonium chloride are recommended as 
stabilizers (Rodriguez et al., 1964; Peberdy et al., 1976; Moore and Peberdy, 
1976; Musilkova and Fencl, .1968). The addition of calcium chloride to 
solutions of sugar as stabilizer was recommended by Musilkova, (1970) for 
the preparation of protoplasts from Aspergillus niger.
4.2.3. USE OF PROTOPLASTS
The-preparation of protoplasts from fungi has provided wider 
opportunities for the study of their biochemistry, morphology and genetics. 
Many workers have used isolated protoplasts for studying plasma membrane, 
nuclei, mitochondria, preparation of cell-free extracts, osmotic system, 
protein and enzyme synthesis, resistance to physical factors, spore 
formation, conjugation between protoplasts, action of antibiotics and : 
regeneration of the cell wall.
Under suitable conditions, protoplasts of yeasts and filamentous 
fungi can revert to the morphological form from which-they were produced.
In the yeasts, regeneration and composition of the cell wall depends very 
much on the physical state of the regeneration medium. In filamentous 
fungi, the regeneration process appears to be a more complex one. A 
mixture of nucleated and anucleated protoplasts from Saccharomyces cerevisiae 
was prepared by Kopecka et al., (1974) using snail enzyme and studied by 
electron microscopy. Anucleated protoplasts did not synthesize glucan 
fibrils even though they seemed to contain all other basic structures in 
their cytoplasm'. Ordinary nucleated protoplasts synthesized glucan fibrils
even after inhibition of protein synthesis by cycloheximide. The 
regeneration of protoplasts of Fusarium culmorum occurred in three 
different ways.
(a) A chain of yeast like.cells developed from the protoplast and
finally the terminal cell produced a hypha or several hyphae.
(b) The protoplasts germinated directly by producing a germ tube.
(c) By a .series of out-growths which gave the protoplast a polymorphic
form which eventually produced a hypha (Peberdy, 1972).
Czapek-Dox medium (C-D) was used by Garcia et al., (1966) for the 
regeneration of protoplasts from mycelium of Fusarium culmorum. They 
observed that C-D medium plus 10% (w/v) sorbose, 2% (w/v) sucrose and 
2 % (w/v) agar was the best medium for the regeneration of these protoplasts. 
The regeneration of Aspergillus nidulans was studied by using fluorescent 
brightners by Peberdy and Buckley (1973). The specificity of the brightners 
for 3 “linked carbohydrate polymers provides a useful basis for the 
investigation of the presence of the wall in regenerating protoplasts. The 
.regeneration medium which they used was AM/medium (glucose, 10 - Sodium 
citrate, 3 - -KH^O^'S - NH 4 N03, 2 - Mg SC>4 , 7H 2 <D, 0.2 - CaCl2 , 0.1 - 
yeast extract, 0.25 g/1' - pH = 6.5) supplemented with 0.4 M NH 4 C1 as 
osmotic stabilizer, and either glucose (100 g/1) and yeast extract (2.5 g/1) 
or glucose (100 g/1) alone. Regeneration of protoplasts of mutant and 
wild type strains of Aspergillus nidulans was examined by Elorza et al., 
(1969)..They reported that the process of regeneration needed a source of 
carbon, but sulphur and nitrogen sources did not seem to be essential, 
although regeneration was retarded in the absence of a nitrogen source.
. 5. THE GENUS ASPERGILLUS
Aspergillus is one of the genera of imperfect fungi, which have 
always been a factor in man's environment. They are possibly one of the 
most frequent contaminants of man-made and natural organic products. The 
classification of the genus Aspergillus, and its relationship to the 
ascomycetes, as suggested by different workers, is shown in Table VI (Raper 
and Fennel, 1965)..
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Aspergilli are classified amongst those which have a chitin- 
glucan cell wall (Bartnicki-Garcia, 1968). The presence of N-acetyl­
glucosamine, glucose, mannose and galactose in the cell wall of aspergilli 
has been confirmed by several workers.^ (Ruiz-Herrera, 1965; Crook and 
Johnston, 1962; Johnston, 1963). Norman and Peterson (1932) reported that 
the insoluble glucan of Aspergillus was not cellulose and it was wholly 
insoluble in cellulose solvents and completely soluble in 72% H^SO^. The 
absence of cellulose in the cell wall of Aspergillus was also confirmed 
by Skujins et al., (1965). Enzymatic digestion of cell wall of several 
species of Aspergillus showed the presence of $(1 3) linked glucose
residues in these fungi. (Skujins et al., 1965; Kuo and Alexander, 1967). 
Ruiz-Herrera (1967) reported that the wall of Aspergillus species contained 
18% each of chitin and lipids and 8.3% protein. An analysis of amino 
acids using paper chromatography showed the presence of 1 2  amino acids and 
two unidentified spots. These results were similar to those obtained by 
Harikashi and Iida (1964) and Crook and Johnston (1962).
5.1. MORPHOLOGY
Raper and Fenell (1965) studied thousands of cultures of Aspergillus 
species and-observed that the character of the colonies depends on the 
composition of the medium, the temperature of incubation-, the condition of 
illumination, and the age of cultures.
The first indication of the development of a conidial structure 
in the aspergilli is the enlargement of certain cells in the mycelium 
which are known as foot cells and each usually produces a single 
conidiophore. Developing and mature conidiophores are, however, easy to 
distinguish from mycelium, because of their greater diameter and thickened 
walls. In electron microscopy of ultra thin sections of conidiophores of 
A. niger, it was observed that the conidiophore foot had a very thick cell 
wall which was composed of up to eight layers of different densities 
(Tanaka and Yanagita, 1963). The changes in the conidiophore during aging, 
have been described using A. niger (Tanaka and Yanagita, 1963) and A. flavus 
(Bojovic-Cvetic and Vujicic, 1974) . Older conidiophores show an increase 
in vacuolation and marked changes in mitochondria and’ nuclei.
When the conidiophore reaches its full length, there is a gradual 
enlargement of- the apex to form the vesicle. The vesicle wall, like the 
conidiophore wall, is thick (Tsukahara, 1970). The production of numerous 
metulae or phialides from the vesicle, represents the final stage in the 
development of the spore bearing apparatus. The phialide consists of 
essentially cylindrical body which, after reaching a length which is more 
or less uniform for the species, narrows at the apex into a conidium- 
producing tube. Before details of the mechanism of spore production were 
understood, phialides and metulae were referred to as secondary and primary 
sterigmata respectively in a biserate Aspergillus or the phialides were 
simply referred to a sterigmata in a uniseriate species. (Fig. 18).
(secondary
terigmata)
(primary • 
terigmata)
Biseriate structures
(phialides borne on nctulae, 
netulae borne on the vesicle
conidiophore
5.2. ASPERGILLUS • NIGER
A. niger van Tidghem characterised by biseriate sterigmata, 
primary sterigmata (metulae) about twice the length of secondaries 
(phialides). Colonies on Czapek-Dox agar growing restrictedly attaining 
a diameter of 2.3 - 3.0 cm in 10 - 14 days at room temperature (24 - 26°C) 
and appear carbon black to naked eye. Colonies consisting of a compact 
to fairly loose white to faintly yellow basal mycelium, reverse usually 
colourless occasionally pale yellow at colony centre. Conidial head 
usually large and at first globose and then radiate. Conidiophores 
variable, commonly 1.5 - 3.0 mm by 15 - 20 ym, with wall smooth, comparativly 
thick up to 2.25 ym. Vesicles globose or nearly so, commonly 45 - 75 ym 
in diameter. Colonies on malt agar growing more rapidly, 5 - 6  cm in two 
weeks at room temperature. (Raper and Fennell, 1965).
The genus Aspergillus is a group of free living saprophytic 
moulds with a widespread distribution, and several species have been used 
in a number of industrial.processes. Production of citric acid by 
Aspergillus niger is a commercial process which has been used since 1923 
(Berry et al., 1977). Members of the genus are often identified as 
biodeteriogens, and they are capable of utilising a wide variety of substrates. 
The isolation of these fungi from soil and air has been related to their 
growth on various materials including cotton, fabrics, paints, plastics, 
leather and glass.
A., niger has been reported amongst the isolates from wood even in 
the presence of wood preservatives. It has been shown to have considerable 
amylolytic activity and to cause some strength loss of cellulose strips.
More recently, A. niger was found to colonise beech wood stakes in the 
presence and absence of preservatives, whether additional nutrients and 
water were supplied or not. This fungus is one of the fungi which have 
been found causing damage to raw cotton fibres, which may occur before 
harvesting. In which case, this is not strictly biodeterioration, but 
such damage may cause uneven dyeing during processing of the fabric. There 
is some evidence that A. niger may be responsible for producing grey spots 
on leather. Most paint biodeterioration problems are due to fungal growth.
A. niger has been isolated from paint films and is also capable of 
utilising the linseed oil which has been used as a constituent of some 
solvent-thinned paints.
Aspergillus niger is one of the organisms which cause spoilage of 
pharmaceutical emulsions by causing emulsion breakdown or production of 
acid, odours, unpleasant flavours or discolouration, apart from utilising 
the oil or emulsifying agents as nutrients and producing unsightly growths. 
This fungus has also been reported as attacking a large variety of cosmetics 
and pharmaceutical products over a wide pH range and having a high 
resistance to antimicrobial agents. (Thomas, 1977).
5.3. MICROCYCLE CONIDIATION
Studies with A. niger show that the incubation of conidia at 44°C 
in the presence of added CO^ causesmassive conidial enlargement.while 
inhibiting germ tube formation. When these giant cells of A. niger, which 
have been maintained at 44°C for 24 hours, are then incubated at 30°C, 
there is a direct outgrowth or production of one or more large 
conidiophores (Anderson and Smith, 1971^. The conidiophores then produce 
normal conidia capable of producing normal growth at 30°C or are able to 
recapitulate the microcycle if incubated at 44°C. The conidiophore is 
smaller than normal and has occasional septa. Phialides are produced 
directly from the swollen vesicle. (Fig. 19).
Microcycle conidiation then is the recapitulation of conidiation 
following spore germination without an intervening phase of mycelial 
growth (Smith, 1978; Anderson, 1978). A feature common to most forms of 
microcycle conidiatipn is the increase-in size of the spore by spherical 
growth during a period of elevated temperature. It thus appears that in 
temperature controlled microcycle conidiation, the spherical cells are 
unable to germinate at the elevated temperature due probably to the 
inhibitory, effects of temperature on the apical growth process.
Microcycle conidiation of fungi offers an excellent experimental 
system for studying physiological and biological changes associated with 
developmental patterns in eukaryotic organisms.
Fig. 19. Microcycle clock of Aspergillus niger (Smith et_ al., 1977)
Microcycle Conidiation
The cell wall- composition of A. niger changes during microcycle 
conidiation. During the first 12 hours of giant cell formation, there is . 
a build up of the a-glucan fraction in the cell wall, although it decreases 
between 1 2  - 16 hours and then increases again to a maximum prior to the 
shift-down in temperature to facilitate conidiophore outgrowth. During 
con.idiophore development, the amount of a-glucan decreases, but other 
compounds of the cell wall increase. This indicates that a-glucan acts as 
a storage compound during giant cell formation and is then utilised later 
during conidiogenesis.
• Cell wall protein increases during the.first 16 hours incubation at 
44°C. The amounts of DNA, RNA and protein were determined during different 
stages of microcycle conidiation in A. niger by Duncan et al_.', (1978) . The
maximum accumulation of these compounds occurred during spore growth and 
the biosynthesis of protein and RNA was maximum in this period.
Cell wall lipids sharply decrease during the first 16 hours at •
o
44 C. They may be utilised during the giant cell formation. When the 
giant cell was nearing its maximum size, the amount of lipid formation 
increases and then drops again during outgrowth at 30°C. The synthesis 
of lipid again increases when conidia are being formed (Smith et al.,
1977). The effect of several metabolic inhibitors, puromycin, Cycloheximide, 
Emetine (inhibitors of protein synthesis), Tetracycline, Nalidixic acid 
.(inhibitors of mitochondrial function and protein synthesis), Rifampicin 
(inhibitor'of mitochondrial function and nucleic acid biosynthesis), 
Chloramphenicol (inhibitor of mitochondrial function), 2, 4 dinitrophenol, 
Sodium azide (uncouplers of oxidative phosphorylation), 5 - fluorouracil, 
Actinomyci'n D, 8  - azoguanine, and mitomycin C (inhibitors of nucleic acid 
biosynthesis) was studied on normal spore germination and microcycle 
conidiation in A. niger by Deans and Smith (1979).
The data indicated that the normal spore gemination at 30°C was
highly susceptible to various inhibitors of nucleic acid and protein
synthesis and mitochondrial function, the giant cell formation at 44°C
o
was the least susceptible and the conidiation at 30 C was intermediate in
A
response.
5.4. CELL WALL COMPOSITION OF A. NIGER
Polysaccharide production by A. niger has been studied by several
workers (Yuill, 1952; Barker et al., 1952, 1953) resulting in the
characterization of a compound named nigeran or mycodextran. It is a unique
polyglucose, which is essentially unbranched. Johnston (1965)a separated
three glucan fractions from the mycelial walls of A. niger. Two of these
glucans were alkali soluble, and one of these was also soluble in hot water
and was identified as nigeran. The presence of this compound in the cell
wall of A. niger has also been confirmed by Tung and Nordin (1967). The
banalysis of cell wall material from A. niger by Johnston (1965) showed the 
presence of six sugars, glucose,■galactose, mannose, arabinose, glucosamine 
and galactosamine. All were shown to have the D-configuration, except
that a small amount of L-galactose might be present. Sixteen common 
amino acids were also detected. The results of analyses of cell wall 
components of A. niger are shown in Tables VII and VIII.
Table .VII. Cell wall components of A. niger (Johnston/ 1965b)
Protein 0.56 -2.5%
Hexosamine 9.1 - 9.9%
Lipid 6.7 - 7.0%
Total neutral carbohydrate 73 - 78%
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6 . THE ROLE OF PENICILLIUM RUBRUM AND PENICILLIUM PURPUROGENUM
AS PARASITES OF ASPERGILLUS NIGER
Some of the. large headed aspergilli are susceptible to parasitism 
by penicillia belonging to the Biverti cillata-symmetrica. Fruiting 
bodies of Penicillium surround the heads and upper regions of the 
conidiophores of aspergilli (Raper and Fennell, 1965). Aspergillus niger 
has been known to be parasitized by Penicillium purpurogenum during the 
industrial production of citric acid. The growth of this fungus on dead 
mycelium of a citric acid producing strain of A. niger has been reported 
by Leopold et al., (1958). Penicillium rubrum has been shown in these 
laboratories to be capable of parasitizing strains of both A. niger and 
A. flavus link. (M.O. Moss, personal communication). When parasitism 
occurs, fine hyphae of Penicillium penetrate the coarser hyphae and 
conidiophores of Aspergillus, the mycelium of Aspergillus being stained 
a red colour and it has been noted that the hyphae of A. niger become 
swollen and distorted in the neighbourhood of hyphae of P. rubrum during 
this parasitic interaction.
7. ACTIVITY AND METABOLITES OF FUNGI
A growing microbial cell breaks down high molecular weight carbon 
compounds and other substances to smaller molecules, converts these to 
carbohydrates, amino acids, vitamins and fatty acids, and finally builds 
these simple materials into proteins, polysaccharides, nucleic acids and 
lipids.- The pathways for the formation of primary metabolites are similar 
.in all living cells and are certainly necessary for the growth of 
microorganisms. Some compounds which have been isolated from a few species 
of microorganism, do not appear to-be essential for growth and their 
production is not associated with the growth phase. These compounds have 
been referred to a s 'secondary metabolites in contrast to the primary 
metabolites, such as amino acids, carbohydrate and lipids, which are 
essential for the microorganism's growth. Secondary metabolites play no 
obvious role in the economy of the organism which produces them, and the 
specific role of .these metabolites in the metabolism of the cell is not 
known..
Fungi are able to produce a wide range of secondary metabolites, 
and they can accumulate these compounds either in the medium or in their 
mycelium. These substances can usually be obtained from the culture 
medium or mycelium by extraction with organic solvents. The use of fungi 
for production of secondary metabolites such as antibiotics and primary 
metabolites such as enzymes, organic acids and beverages has increased 
during the past century. (Smith and Berry, 1974).
The relationship between secondary metabolite production and 
growth in fungi has been studied by Bu' Lock (1975). Secondary 
metabolite biosynthesis and growth are often complementary processes, 
and frequently involve the same key intermediates during the initial 
stages. Borrow et al., (1961), during a study of the production of 
gibberellic acid, divided the growth o f .the microorganism in a batch 
fermentation into five different phases:
(a) Lag phase: This is a period of adaption of organism to the
conditions.
(b) Balanced phase;, During this period the accumulation of nutrients
and the chemical composition and morphology of the hyphae remain constant.
This phase 'is brought to the end by the exhaustion of nitrogen in the 
culture medium.
(c) Storage phase: During this phase the amount of nitrogenous
compounds-remains constant, but the dry weight of mycelium continues to 
increase, because of the accumulation of storage carbohydrates and fats.
(d) Maintenance phase: During this phase the dry weight remains
constant until'the culture becomes.exhausted of the carbon and energy 
source, and all the endogenous reserves of the organism have been 
utilised.
(e) Terminal phase and Autolysis of organism: During this period
lysis occurs and the cell concentration decreases.
Secondary metabolites are usually produced during the storage 
and maintenance phases. Although these - substances belong to a very wide
range of structural types, they are formed from relatively few 
precursors which arise from the primary metabolic pathways. (Turner,
1971).
In the fungi, the most important pathways which are used for 
secondary metabolite biosynthesis are the polyketide route, the terpenoid 
route and processes which utilise essential amino acids. All the 
commercially important secondary metabolites of the fungi are produced 
by one or other of these routes.
The polyketide route is particularly characteristic of the fungi 
imperfecti but little is known about the enzymatic processes involved in 
•polyketide biosynthesis. As early as 1907, Collie (1970a, b) suggested 
that the group CH-CO could be involved in simple reactions such as 
hydration, dehydration, oxidation, loss of carbon dioxide or reaction 
with ammonia to give rise to the very large number of compounds found in 
plants. These compounds may be considered to be polymers of Ketene 
(CH^ = C = 0) so he called them polyketides. The building blocks of 
polyketide-biosynthesis are in fact acetate and malonate. A molecule of 
acetate condenses with three or more molecules of malonate.to form a 
polyketomethylene (Polyketide) chain.
CH_-CCH_-CCH -CCH0 -CO0H
3 1 2 P 2 II
0 0 o
'(Tetraketide)
Many of the secondary metabolites of fungi are derived from a 
single polyketide chain, and a few compounds are formed by the condensation 
of two polyketide chains. There are many compounds which are formed by 
condensation of a polyketide chain with a moiety derived from another 
biosynthetic pathway.
In Terpenoid biosynthesis, secondary metabolites are derived from 
an isoprenoid chain, which is,itself derived from mevalonic acid. This 
acid is usually formed from acetate. (McCorkindale, 1976).
Many of the secondary metabolites produced by fungi are derived
CH 3 -C0 2  H + 3CH2
C°2h
c o 2h
J C02
from common amino acids. These compounds may be derived from a single 
amino.acid, two amino acids, more than two amino acids or from a 
combination of amino acids with other metabolites. Malformin is a 
toxic metabolite of. Aspergillus niger which is derived from more than 
two amino acids (Turner, 1971).
8 . METABOLITES'.AND PIGMENTS OF A. NIGER
The production of organic acids as a result of the growth of 
microorganisms in culture media containing sugars is very important.
The formation of polybasic acids such as oxalic, citric, and formic 
acids is almost entirely limited to the fungi.
8.1. CITRIC ACID
The commercial production of citric acid by A. niger is a process 
which has been used for many years. Strains of A. niger have different 
capacities to produce citric acid. Most studies on the production of 
^citric acid by A. niger indicate that those pellets with a loose structure 
and with a diameter of not more than 1  mm represent the best mycelial 
form for production of high yields of citric acid (Martin, 1957). The 
amount of citric acid production by A. niger strains can be increased by 
induced mutation (Gardner et al., 1956). The effect of different 
concentrations of magnesium sulphate, ammonium nitrate, potassium 
dihydrogen phosphate and iron on the production of citric acid by A. niger 
has been reported by Shu and Johnston (1948). The best concentrations of 
these compounds for production of a good yield of citric acid in shake 
flasks were found to be as follows: Ammonium nitrate 2 - 5 g, Sodium
dihydrogen phosphate 1.0 g, Magnesium sulphate 0.25 g, Iron 1 mg per litre. 
Citric acid (Fig. 20.) may be obtained as colourless crystals or as a 
white powder with M.P. (monohydrate) 100°C and (anhydrous) 153°C.
(Miller, 1961).
Fig. 20. Citric Acid
CH 2    t* C00H
HO  C ■--- COOH
CH 2  —  COOH
8.2. OTHER ORGANIC ACIDS
Production of oxalic acid by A. niger was studied by Raistrick 
and Clark (1919). They cultivated the organism on media containing salts 
of organic acids as the sole source of carbon and reported that free 
oxalic acid, in the absence of any other carbon source, is readily 
decomposed by A. niger at 37°C. The production of gluconic acid by 
A. niger on media containing 15 - 20% glucose has been reported by many 
workers. (Wells et al., 1937; Gastrock et al., 1938; Porges et al.,
^1940). Oxidation of calcium gluconate by A. niger produced saccharic 
acid in the-culture medium. The detection of this acid from culture 
filtrates of A. niger was reported by Walker et al., (1927). Production 
of glutaconic acid, glutaric acid, cis-aconitic acid, ascorbic .acid 
(vitamin C ) , Indole - 3 - acetic acid (Rhizopin) and Sumiki's acid 
(5 - hydroxymethyl furan - 2 - carboxylic acid) by A. niger have been 
reported by different workers (Miller, 1961). The properties and 
structures' are summarized in Table IX and Figures 2 1 -  29.
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8.3. ASPERENONE (ASPERYELLONE)
Jefferson (1967a), during an investigation of the effect of steroids 
on fungi, found the accumulation of a. yellow pigment in mycelium of A. niger. 
The production of this yellow pigment was accompanied by a decreased 
accumulation of citric and oxalic acids in cultures of A. niger. A small 
amount of pigment was found in normal cultures and quite large amounts 
were formed in cultures grown on media containing glycerol as a source 
of carbon. Jefferson (1967a) suggested that the accumulation of special 
products when microorganisms metabolized under non-growing conditions is 
a common phenomenon. He was able to alter the amount of yellow pigment 
by varying the quantity of mineral compounds in the growth medium. This 
yellow pigment was named asperenone and was isolated from vegetative 
mycelium by solvent extraction and chromatographic procedures. A. niger 
was grown in a culture medium containing glycerol and incubated for 3 - 4  
days after which the mycelium was filtered, dried and ground immediately 
before extraction (Jefferson, 1967b). Production of this pigment by 
A. niger was also reported by Yu et al., (1967) and the name asperyellone 
and the structure shown in Fig. 30 are proposed for this pigment. The 
chromatography and chemical properties of asperyelloneshow that this 
4compound is different from other yellow pigments of A. niger such as 
flavasperone and aurasperone. The structure of asperenone (asperyellone) 
was confirmed by chemical synthesis by Pattenden (1969) .'
• - 8 ♦ 4  - ASPERGILLIN
This compound was obtained from several strains of A. niger 
spores by Lund et al., (1953), who reported that the first recorded 
isolation of this pigment from A. niger was by Linossier who named it 
aspergillin. The pigment when purified is a black amorphous acidic 
compound and on oxidation gives mellitic and oxalic acids.
8.5. ASPERRUEROL
Rabache et al., (1974) isolated a number of yellow pigments from 
the mycelium of A. niger. They reported that when A. niger grew in a
t- +2 +2 _ _ ,+ 2
culture medium containing a high concentration of Mg , Mn and Cd
the mycelium became yellow. Four different pigments were obtained from 
such mycelium of which two are still unknown, one of the pigments was 
asperenone and the other one, which was named asperrubrol was shown 
to be the methylester of a dimethyl 13-Phenyl 3 - ol - 2, 4, 6 , 8 , 10, 12 
tridecah.exenoic acid (Fig. 31) .
8.6. ASPERXANTHONE (FLAVASPERONE)
Lund et al., (1953) showed that methanolic extraction of mycelium
of A. niger gave a crystalline phenolic product which contained two
methoxy groups which, on demethylation, produced a trihydroxyxanthone.
They established its formula as C. -,H_0_ (oMe) Me and suggested it to
1 j  5  3  2
be a 1-hydroxydimethoxymethyl xanthone. This compound dissolved in 
concentrated sulphuric acid with intense blue fluorescence and on paper 
chromatography showed a spot with a violet colour under U.V. illumination. 
The chemical structure of asperxanthone (Fig. 32) was studied by Bycroft 
et al., (1962) who suggested that this pigment was a naphthopyrone and 
not a xanthone and they had the idea that the name of flavasperone was 
more suitable for this metabolite than was asperxanthone.
8.7. AURASPERONE
Using paper chromatography, Tanaka et al., (1966) reported that 
the ether extract of mycelium of A. niger contained six different yellow 
pigments with brown-green ferric reaction. . (Table X) . These pigments 
could be separated by chromatography on calcium hydrogenphosphate.
Aurasperone A, with concentrated hydrochloric acid, gives a crimson 
solution which regenerates the starting material, on addition of water, 
whereas aurasperone B and C as well as fraction 4 suffer structural changes 
during the same treatment. Aurasperone A on chromatography gave a yellow 
spot which had a violet colour under U.V. illumination. This compound was 
the stable metabolite of A. niger and could be derived from aurasperone B 
by treatment with HCT. The chemical structure of this pigment was suggested 
by Wang and Tanaka (1966) (Fig. 33).
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Fraction four, on paper chromatography, showed a spot with an 
orange colour under U.V. light. This compound after treatment with 
concentrated HCl" was also converted to aurasperone A. The main yellow 
pigment which was obtained from myceliijm of A. niger was aurasperone B 
(Fig. 34) which on paper chromatography showed a spot with yellow 
fluorescence.
Aurasperone C formed a yellow precipitate which was difficult to 
crystallize and with concentrated HCl gave a yellow compound with M.P. >300°C. 
Aurasperone C was considered to be very close to aurasperone B. The 
chemical structure of this compound was studied by Tanaka et_ al., (1972)
(Fig. 35).
8 .8 . FLAVIOLIN
Production of flaviolin was first reported from A. citricus by 
Astill and Roberts (1953). This pigment was also obtained from acidified 
culture filtrates of A. niger by continuous ether extraction of the 
medium for 48 hours followed by chromatography (McGovern and Bentley, 1975).
%For pigment production the mould was grown on . a modified Czapek-Dox 
medium containing, NH^NO^ 2.25, m ^ P O ^  0.3, Mg SO^, 7 H 2 O 0.25, yeast 
extract 2.00 and D-glucose (anhydrous) 60.0 g per litre Of deionized water.
Astill and Roberts (1953) recorded that the culture medium of the 
growing fungus became gradually yellow-but that this colour changed 
rapidly, to a dark red and they suggested that this rapid change in colour 
was due to disappearance of glucose and the alkalinisation of culture 
media. An aqueous solution of this pigment showed a series of colour 
changes at different pH. In acid solution (pH < 2.8) the colour was 
yellow, at neutrality it was red and in alkaline solution (pH > 10) it was 
violet. The alkaline aqueous solution of this compound after exposure 
to the air for some days became yellow or brown. Flaviolin is not 
soluble in petroleum ether but it is soluble in ether, ethanol, glacial 
a'cetic acid, chloroform and warm dioxan, and with concentrated sulphuric 
acid gives a bright red solution.
Davies et al., (1954) studied the chemical structure of this
compound and suggested that flaviolin was 2:5:7 - trihydroxy - 1:4 -
Naphthaquinone (Fig. 36) which was confirmed by synthesis (Davies et al., 
1955;' Bycroft and Roberts, 1962). Baker and Bycroft (1968) reported a 
convenient route for the synthesis of flaviolin and suggested that the 
biosynthesis of this fungal metabolite, most probably involved hydroxylation 
and oxidation of the acetate - malonate derived naphthalene derivative. 
Aldridge et al.,'(1974), during studies on pentaketide metabolites of 
fungi, confirmed the pentaketide origin of flaviolin. The biosynthesis 
of this compound was studied by McGovern and Bentley (1975) who noted 
that, when shake cultures were used, A. niger did not produce any pigment 
and their results indicated a polyketide origin for the production of 
this pigment.
8.9. NIGRAGILLIN
A new insecticidal substance named nigragillin was isolated from 
culture filtrates of A. niger by Isogai et al., (1975). This compound 
was obtained for the first time from A. niger by Caesar et_ al., (1969) 
but the bio'logical activity was not studied at that time. The fungus 
was grown on C-D medium containing 2% yeast extract for one week at 
_25°C and the insecticide purified by chromatography. They suggested 
that nigragillin was- (N-methyl-trans-2, 5 dimethyl-N-Sorbyl-Piperazine) 
and the structure (Fig. 37) was proposed for this substance. The insect­
icidal activity of this compound was tested by oral administration to 
silk worm larvae and even a dose of 5 yg/g produced poisoning and 
occasionally death. •
The characteristics of A. niger pigments are summarized in 
Table XI.
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8.10. OTHER METABOLITES OF A. NIGER
8.10.1. MALFORMINS
A group of toxic metabolites referred to as the malformins are 
produced by strains of A. niger. These compounds cause malformations in 
various plants and severe curvature of corn roots. The structure (Fig. 38) 
was suggested for malformin A by Bodanszky and Stahl (1974). This 
compound has recently been shown to be toxic to mammals as well as causing 
malformations of plant tissues. This effect was studied by Yashizowa 
et al., (1975) who has shown that the L D ^  of malformin A for male mice 
was 3.1 mg/kg intraperitoneally, but oral administration of toxin up to 
50 mg/kg in male mice did not produce significant toxicity.
Malformin C was isolated from A. niger by Anderegg et al ., (1976)’. 
They obtained this compound from mould damaged rice which was highly toxic 
and separated it from inactive metabolites by chromatography. It was 
isolated as an amorphous powder with m.p. > 3O0°C. (Fig. 39). The 
antimicrobial activity of this toxin was determined by Kobbe et al.,
(1977) and it was shown to be effective against a variety of Gram-negative 
and Gram-positive microorganisms.
Fig. 38. Malformin A Fig. 39. Malformin C
L-leuD-cys
D-leuD-cys
'L-val
L-isoleuD-cys
D-cys D-leu
L-val*
8.10.2. KOJIBIOSE
Kojibiose is (2-0-a-D-glucopyranosyl-D-glucose) (Fig. 40) with 
m.p. 166°C. Production and isolation of this compound by A. niger was 
described by Peat et al., (1955).
Fig. 40. Kojibiose
OH
OH
OH
OH OH
8.10.3. BIOTIN-I-SULFOXIDE
This compound (Fig. 41) forms colourless crystals with m.p.
233 - 243°C. The production of biotin by A. niger in the presence of
pimelic acid was reported by Wright and Cresson (1954); Wright et al., 
(1954a, b ) . For this purpose the A. niger was grown in a medium containing 
pimelic acid (1 mg/1), after 72 hours incubation at 30°C culture medium .
was separated by centrifugation and the purified compound was found to
have microbiological activity.
Fig. 41. Biotin-I-Sulfoxide
8.10.4. RIBOFLAVIN
The production of riboflavin by fungi of the genus Aspergillus 
was reported by Redchyts (1973). Reid (1950) reported the production of 
a small amount of riboflavin by A. niger on a magnesium deficient 
medium or on a medium containing a small amount of mercuric chloride.
8.10.5. 14-DEHYDROERGOSTEROL
This compound (Fig. 42) forms colourless needles with m.p.
198 - 201°C (decomp.). Ergosterol itself is one of the compounds 
produced by A . niger and can be isolated from the mycelium of this 
fungus by alcoholic extraction and hydrolysis. Barton and Bruun 
(1951) isolated a new tetraethenoid sterol from a strain of A . niger 
and this substance occurred as a minor component in a mixture with 
ergosterol.
Fig. 42. 14-Dehydroergosterol
H O
9. THE SCOPE OF THE PRESENT STUDY
Production of rubratoxins in large amounts by strains of 
PeniciIlium rubrum growing on feeds has undoubtedly contributed to the 
toxicity of feeds to animals. Rubratoxin research has progressed 
rapidly in recent years, as is evidenced by the large number of research 
papers published each year. ‘ Although there is a great deal of detailed 
information about the biological effects of this toxin in animals, it is 
still not possible to say what sequence of events lead to death of an 
animal suffering from rubratoxicosis.
The mechanism for rubratoxin poisoning in mammalian systems 
may not necessarily be applicable to other systems such as plants and 
microorganisms. Very little is known about toxicity of this compound to 
microorganisms. As"it is known that the mycotoxin aflatoxin B can 
affect fungi in many different ways, a study was undertaken to establish 
whether rubratoxin B can also be harmful to fungi.
In this study, different species of Aspergillus, especially 
A. niger, were selected for study, the latter because it is widely used 
in industry for the production of citric acid. In particular, this study 
concerns the effect of rubratoxin and its derivatives on growth, dry 
weight and morphology of A. niger (Chapter II); preparation of A . niger 
protoplasts and the effect of rubratoxin B on regeneration of protoplasts 
(Chapter III); cell wall composition of A. niger in the presence and 
absence of rubratoxin B (Chapter IV); effect of different media with or. 
without rubratoxin B on metabolic activity of A. niger (Chapter V); the 
effect of rubratoxin B on respiration of A . niger (Chapter VI) and 
electron microscopy (Chapter VII) pigment production of A. niger 
(Chapter VIII).
CHAPTER II
EFFECT OF RUBRATOXINS AND ITS DERIVATIVES 
ON GROWTH,
c
DRY WEIGHT AND MORPHOLOGY OF 
ASPERGILLUS NIGER
2. EFFECT OF RUBRATOXINS AND ITS DERIVATIVES ON
GROWTH, DRY WEIGHT AND MORPHOLOGY OF A. NIGER
Growth of bacteria and yeasts is usually by increase in length' 
or diameter followed by division, so that the volume of a cell varies 
only over an approximately two fold range. In fungal mycelium, growth 
is an increase in hyphal length over a very much larger range. ' But 
the demonstration of exponential growth shows that a constant proportion 
of the hyphal length contributes to new growth. The hyphae are enclosed 
within a rigid and complex wall so their growth must involve the 
incorporation of new material and also synthesis of new protoplasm 
(Burnett, 1976).
Hyphal wall growth appears to occur only at the tips of hyphae 
(Katz and Rosenberger, 1971). The wall construction at the tip of hyphae 
seems to be similar to that in older hyphal regions but simpler and the 
wall is thinner. Fungal growth is usually measured as the amount of 
total dry weight of mycelium or by measuring the total nitrogen per unit 
of flask culture. Growth of Aspergillus niger in the presence and 
absence of rubratoxin B was measured as the amount of total dry weight of 
mycelium. The antifungal activity of these compounds was studied by 
observation on the influence of toxins on germination of spores, growth 
of mycelium and spore production of a limited number of species.
2.1., MATERIALS AND METHODS
2.1.1. TOXINS AND CULTURES
Rubratoxin A and B (isolated from Penicillium rubrum grown in 
stationary culture on Raulin Thom medium enriched with 2^% w/v malt ' 
extract), derivatives of rubratoxins, versimide, Fungitrol, Preventol 
A3 and Irgasan DP 300 were kindly supplied by Dr. Moss. Further samples 
of rubratoxin B were obtained from crude toxin by dissolving in a small 
amount of ethyl acetate (300 mg toxin in 10 ml ethyl acetate) and 
filtering carefully through a glass filter. Activated carbon (10 mg) 
was added to the solution and left to stand at room temperature over night 
to remove any colour, then filtered and n-hexane carefully added to the
top of the solution and left for 24 hours to crystallise. Crystals of 
pure rubratoxin B were recovered by filtration and washed with a few 
drops of diethyl ether.
The strains of Aspergillus niger and A. tamarjj Kita were 
isolated from samples of mixed spices; A. flavus (IMI89717),
A.' parasiticus Speare (NRRL 465) and A. oryzae (Ahlb) Cohn (IMI46241) 
have been maintained in the culture collection of the Department of 
Microbiology, University of Surrey. All cultures were maintained on 
slopes of Czapek-Dox agar at laboratory temperature.
2.1.2. MEDIA AND TOXIN SOLUTIONS 
Vogel's medium (g/1) Czapek-Dox medium (g/1) (C-D.medium)
Sodium citrate (3) Na N03 (2)
KH2P°4
(5) KCl (0.5)
NH.NO- • • 4 3 (2)
Magnesium glycerophosphate (0.5)
Mg. so4, 7H20 (0.2) Fe S04 , 5H20 (0.01)
CaCl2 , 2H20 (0.1)
. K2S04 ■
(0.35)
Glucose (10) Sucrose (30)
Trace element solution (0.1 ml)
Trace element solution, in 95 ml distilled water:
Citric acid (5g)
Zn S04 , 7H20 (5g)
Fe (NH4) (S04)2 , 6H20 (lg)
Cu S04 , 5H20 . (0.25g)
Mn S O ,  4H20 (0.05g)
H3 B03 (0.05g)
Na2 M 04 , 2H20 (0.05g)
Chloroform(one ml)was added as a preservative and the trace element 
solution was - stored at room temperature.
Solutions of rubratoxins and their derivatives and other 
compounds were, prepared in sterile distilled water by shaking at room
temperature. Where difficulty was experienced with the preparation of 
rubratoxin solutions, this was usually due to the initial unwettability 
of the crystals and this could be overcome by wetting them with a drop 
of ethyl alcohol before adding water.. In the case of disc method, 
compounds were dissolved in acetone.
2.1.3. ASSAY OF ANTIFUNGAL ACTIVITY 
2.1.3.1. DISC METHOD:
Czapek-Dox agar petri dishes were inoculated with a heavy spore 
suspension of each mould. Different concentrations of rubratoxins A and 
B (8, 4, 2, 1 and 0.5 mg/ml) were prepared in acetone, and 0.1 ml of each 
concentration was pipetted onto a 13 mm disc. Three discs containing 
different concentration of toxin were left on each plate and a disc with 
• 0.1 ml acetone was used as a control on each plate. The petri dishes were 
incubated at 25°C and were examined by light microscopy every day for up 
to seven days.
2.1.3.2. MINIMUM INHIBITORY CONCENTRATION TEST (M.I.C. TEST)
©
Double strength Czapek-Dox medium (2 ml) was mixed with 
aqueous solutions of rubratoxin B or one of its derivatives, and other 
•compounds (2 ml) in small test tubes which were then inoculated with one 
drop-of a spore suspension (5 - 5.5 x 10^ spores/ml). Tubes were 
incubated at 25°C and growth and sporulation recorded after three days 
and at daily intervals subsequently for up to eight days.
2.1.3.3. SHAKE FLASK
Conical flasks (100 ml), containing 25 ml of medium to which
rubratoxin B had been added aseptically at the required concentration,
6
were inoculated with a spore suspension adjusted to provide 1 x 10 
spores/ml of medium. Flasks were incubated on a rotary shaker at 200 rpm 
and 30°C. Duplicate flasks were removed for analysis every other day.
The dry weight of mycelium was determined by filtering onto a 
pre-weighed filter paper, washing with distilled water and drying to 
constant weight at 60°C. The culture filtrate was discarded after the 
glucose and pH had been estimated.
2.1.4. EFFECT OF pH ON GROWTH OF A. NIGER
Liquid medium, containing Na NO^ 1.2, KC1 0.3, Magnesium 
glycerophosphate 0.3, Ferrous sulphate 0.006, potassium sulphate 0.21 g 
in 300 ml distilled water, was prepared and adjusted with HC1 to pH 3,
4 and 5. Sucrose was prepared (18 g in 300 ml distilled water) 
separately and after autoclaving was added to the salts medium. The 
final pH of the media were 3.15, 4.1 and 5.1.
To 4 ml of each of these media was added one drop of spore 
6
suspension (5 - 5.5 x 10 spores/ml) and cultures were incubated at 
25°C for 7 days.
2.1.5. EFFECT OF OSMOTIC PRESSURE
To test the hypothesis that morphological changes might be due 
to a weakening of the hyphal wall in the presence of rubratoxins, the 
experiments were repeated in the presence of the following solvents:
Sucrose (0.9 M ) , Sucrose (0.9 M) + Ca Cl^ (3%), Galactose (0.9 M ) ,
Mannitol (0.9 M ) , Mg S04 , 7H20 (0.6 M).
2.1.6. DETERMINATION OF GLUCOSE
Reducing sugars in the Vogel's medium were determined by the 
method of Fairbridge et al., (1951) which is based on the reduction of 
triphenyl tetrazolium salts (colourless) to a formazin (red). The 
standard curve was determined for each analysis as- follows:
A solution containing 150 yg glucose per ml was prepared and the following 
dilution series was used as standards.
Glucose 0.0 0.2 0.6 1.0 1.5 • 2.0 ml
Water ' 3.0 278 : 275 175 1.0 ini
The final concentrations were 0, 10, 30, 50, 75 and 100 yg glucose/ml..
To each standard and sample to be analysed, (3 ml)?was added 1 ml of 
1% triphenyl tetrazolium chloride and 2 ml of 1 N Sodium hydroxide. All 
tubes were heated in a boiling water bath for exactly three minutes, 
removed, neutralized by the addition of 2 ml of 1.1 N acetic acid and 
cooled in a cold water bath. To each was added 12 ml isopropanol and 
shaken well. Optical density was read on a Unicam SP600 spectrophotometer 
. at 485 nm.
2.1.7. MICROSCOPIC OBSERVATIONS
To test whether the distorted hyphae produced by rubratoxin B 
- treatment are able to produce normal mycelium, the damaged hyphae were 
washed twice with distilled water and a small part of the washed hyphae 
was left in a cavity slide with two drops of C-D medium and examined 
microscopically at frequent intervals.
2.2*. . RESULTS
In the disc method, A. niger, in the presence of 0.8 mg toxin/ 
disc, showed an inhibition zone with two distinct regions. In the 
region near to the disc, spores could not germinate at all, whereas 
further away, they germinated but the germ tubes were distorted and 
could not grow very well and did not produce sporophores or spores. (Table XII!
All strains tested were completely inhibited by the presence- of 
1 mg of rubratoxin A or B/ml liquid medium and were visibly affected at 
the microscopic level by 0.25 mg toxins/ml (Table XIII). Microscopically, 
it appeared that the mycelium of most of the fungi were short, more 
branched, and swollen, especially at the tip of the hyphae, in the 
presence of rubratoxin. In.the presence of as little as 15 yg rubratoxin 
B/ml, A. niger grew in a very distorted manner with many swollen hyphal 
tips and vacuolated regions in the mycelium (Fig. 43, 44, 45, 46 A and B ) . It
was initially considered that such swellings could occur if the wall 
had become weakened and was responding to the turgor pressure of the 
cytoplasm. However, when the mould was grown in the presence of media 
pf increased osmotic pressure, as well as rubratoxin B, the swellings 
still occurred. There was a tendency for sections of hyphae delimited 
by septa to be shorter in the presence of rubratoxin B and for 
structures resembling blastospores to appear in the region of the septa.
The formation of normal conidial heads and conidiospores was inhibited 
by rubratoxin B.
When the distorted mycelium obtained by incubating in the presence . 
of 15 yg rubratoxin B/ml for 10 days, was transferred to a fresh medium 
containing no rubratoxin B, it developed into normal hyphae (Fig. 47) 
which grew quite normally and after a further 4 - 5 days, produced 
spores. Such recovery was. reported by Armitage and Verdcourt (1947) when 
Aspergillus niger grew ±n the presence of sodium pentachlorphenate -and by 
Umeda et_ al., (1970) for Hela cells treated with Rubratoxin B and transferred 
to a fresh medium after 24 hours.
Aspergillus niger was found to be the most sensitive organism 
tested to the activity of the rubratoxins and rubratoxin A appeared to 
be somewhat more active than rubratoxin B. This observation does not 
parallel the toxicity of rubratoxins to mammals (Rose and Moss, 1970) 
for which rubratoxin B is more than twice as toxic as A, but it does 
follow the same pattern as that observed with the protozoan Tetrahymena 
pyriformis Ehrenb. . (Wyatt and Townsend, 1974). Because it was more 
readily available, further studies were made using rubratoxin B.
The results given in Table XIV illustrate the effect of 
modifications of the molecular structure of rubratoxin B on its toxicity.
All compounds produced effects in Aspergillus niger similar to those 
caused by rubratoxin A and B but it can be seen that these two toxins are 
more active against Aspergillus niger than any of their derivatives.
Tables XV and XVI show a comparison of rubratoxin B with some 
other antifungal compounds and it appears that rubratoxin B is more active 
against A. niger than the natural product versimide, but its effect, is 
less than the synthetic fungicides Fungitrol, preventol A^ and Irgasan 
DP300. -
Tables XVII and XVIII show the effect of rubratoxin B on the 
growth of Aspergillus niger in Czapek-Dox medium and Tables XIX and XX 
and (Fig. 48, 49, 50, 51) show the effect of this toxin on A. niger in 
Vogel medium as well as on changes ofypH resulting from growth. The 
highest yield of mycelium -in Czapek-Dox medium was attained after 6 - 8  
days and the pH of the medium fell to 2.15. As little as 50 yg rubratoxin 
B/ml reduced the dry weight by more than 75% and yet the pH still fell 
to 2.75.
In Vogel’s medium, biomass reached a maximum after six days and 
fell quite rapidly after that. The pH fell initially but rose again 
after two days, although, in the presence of as little.as 15 yg rubratoxin 
B/ml, biomass production was reduced by 50% and the pH continued to fall 
to a relatively low level.
As the estimation of glucose in each flask shows (Tables XXI, XXII
and XXIII), the amount of glucose consumption does not vary very much at
different concentrations of rubratoxin B. In the presence of 200 ji.g of 
rubratoxin B/ml percentage of glucose consumed was 97.7 and was thus not 
very different from that of the normal culture without any rubratoxin B 
(99.5), while the biomass production at the same concentration of toxin 
reduced by more than 75%.
As the pH is an important factor in the growth of fungi, the
effect of this factor on growth of A. niger was studied by using culture
media with different pH (3.15, 4.1, 5-. 1) . In all media, the fungi could 
grow very well and produced spores and it thus appears that any changes 
of pH did not affect the growth of these fungi.
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Table XXIII, The effect of Rubratoxin .B on glucose consumption by
•A. niger in shake flasks of Vogel's medium (results 
from Tables XXI and XXII)
Time of
incubation
(days)
Percentage of 
of Rubratoxin
glucose consumed in the presence 
B at (yg/ml)
0* 15* 25 200
0 0 0 0 0
2 68.8 68.0 67.5 60.0
4 93.4 92.7 90.4 89.2
6 99.4 99.1 97.6 97.4
8 99.5 99.2 97.6 97.5
10 • 99.5 99.2 97.9 97.7
mg glucose 
consumed/mg 
mycelium 
produced at day 
six 2.72 4.59 5.08 11.60
Each value is the mean of two replicates except * which are the 
means of four replicates based on the two separate experiments.
Fig. 43-' Aspergillus niger (control) (86 hours)
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Fig. 48. Growth of A. niger in the presence and absence of
Rubratoxin B in Vogel medium
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Fig. 49. Growth of A. niger in the presence and absence' of
Rubratoxin B in Vogel medium •
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Fig'. 50. pH changes 6f culture medium of A. niger in the-presence and.
absence of Rubratoxin B in Vogel medium
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Fig. 51. pH changes of culture medium of A. nige'r in
the presence of Rubratoxin B in Vogel medium
2.3. DISCUSSION
Several effects at the cellular level have been attributed to 
.rubratoxin? thus cytotoxicity to Hella cells is manifested by the 
appearance of polynuclear cells and the majority of these cells have short 
chromosomes dispersed in the whole cytoplasm (Umeda et al., 1970).
Rabbit corneal cells are affected by rubratoxin B and become large, 
irregular in shape and vacuolated (Hayes, 1976^). In the present study, 
rubratoxins were shown to damage hyphae of Aspergillus niger and other 
fungi which were tested. After an incubation period of 24;hours, many 
abnormalities were observed in all fungi, hyphal branches were short and 
swollen, especially at the tips. Reiss (1972 ) reported, not onlyci
abnormal swelling of the hyphae of several species of fungi, including 
Aspergillus niger, but also rupturing of the hyphal tips. Such dramatic 
effects were only observed in this study at high concentrations of 
rubratoxin B. A. niger, in the presence of as little as 15 ug of 
rubratoxin B/ml, showed many swollen hyphal tips and vacuolated regions 
in the mycelium. Such swollen hyphal tips could occur if the wall had 
become weakened but, by growing the mould in the presence of media of 
increased osmotic pressure, as well as rubratoxin B, these swollen hyphal 
tips still occurred. The results indicated that osmotic, pressure did 
not influence the production of abnormal and swollen hyphae of this 
mould in the presence of rubratoxin B. This toxin at a high concentration 
(0.8 mg/per disc on agar plates) inhibited spore germination of Aspergillus 
tamarii, A . oryzae but not of A. niger, A. flavus and A« parasiticus, 
however,.in the latter the germ tubes-produced were often highly 
distorted. Many fungicides do not inhibit spore germination, but induce 
morphological effects in growing hyphae. Many of them cause swelling or 
bulging of hyphae followed by lysis.; These changes produced in growing 
hyphae are associated with changes in permeability or cell wall synthesis 
(Richmond, 1975). It is possible that rubratoxin B interferes with cell 
wall synthesis of fungi and the abnormal growth and the swelling of 
growing hyphae could be due to an alteration of cell wall composition.
The formation of normal conidial heads and conidiospores was inhibited 
'by 0.5 mgRB/ml in .most of the fungi tested. This toxin, at a concentration 
of 0.25 mg/ml, completely inhibited the sporulation' of Aspergillus niger.
Although rubratoxin B in C-D and Vogel's media caused a reduction in 
the biomass of Aspergillus niger, there was still a dramatic drop in pH 
(Tables XVII and XVIII). Of course, pH is a logarithmic scale and the 
difference between 2.75 and 2.15 represents a four-fold difference in 
hydrogen ion concentration, so changes in pH must be interpreted with 
caution and a direct determination of acidic products might be more 
desirable. However, it can be seen that even the very small amount of 
mycelium produced in the presence of 320 yg rubratoxin/ml caused a 
reduction in pH from 6.15 to 2.8, indicating that metabolic activity was 
high in the presence of rubratoxin B but it was not being mobilized for 
biomass production. In Vogel's medium, (Tables XIX and XX) the strikingly 
different patterns of pH changes suggest a much more dramatic change in 
biochemical activity than the differences in biomass production would 
indicate. This is borne out by the observation that, although a 
concentration of 200 yg rubratoxin B/ml had a profound effect on the 
growth of A. niger, there did not appear to be a corresponding reduction 
in the rate of glucose consumption by the culture (Tables XXI and XXII).
The .rate of metabolism of glucose did not seem to be affected by the 
presence of rubratoxin B while biomass formation was reduced by more than 
75%.
Production of normal mycelium and spores after transfer of 
damaged hyphae of A. niger into a fresh medium shows that this toxin has 
a fungistatic effect and does not kill the fungus. Rubratoxin B appeared 
to be more toxic against fungi than any of its derivatives (Table XIV) 
and it thus seems that any alteration in the structure of this toxin except 
those giving rise to rubratoxin A leads to a decrease in its toxicity.
CHAPTER III
PRODUCTION OF ASPERGILLUS'NIGER
PROTOPLASTS AND EFFECT OF RUBRATOXIN B
ON REGENERATION OF PROTOPLASTS
3. PRODUCTION OF A. NIGER PROTOPLASTS AND
EFFECT OF RUBRATOXIN B ON.REGENERATION OF PROTOPLASTS
The fungal cell, like the bacterial cell, has two components, a 
rigid cell wall which surrounds the protoplast and gives shape and form 
to the cell and provides support and protection to -the protoplast. Since 
the wall determines the shape of the fungal cell, a basic aspect of 
fungal morphogenesis is the mechanism of cell wall formation. It is 
possible, by using suitable lytic enzymes, derived from various micro­
organisms, to remove the cell wall and release protoplasts from fungi.
In recent years, there has been increasing interest in the cell 
walls of microorganisms and also in the properties and behaviour of 
protoplasts obtained when the cell wall is removed. The regeneration 
of fungal protoplasts is of current interest because of the importance of 
wall formation in morphogenesis. Under suitable conditions, the fungal 
protoplasts are able to produce new cell wall and often revert to normal 
growth. There are a number of studies on the liberation and regeneration 
of protoplasts from filamentous fungi, by using the snail enzyme or other 
lytic enzymes produced by various microorganisms. (Musilkova et al.,
1969? Musilkova, 1970; Peberdy and Gibson, 1971; de Vries and Wessels,
1972; Peberdy, 1972; Peberdy^and Buckley, 1973; Moor and Peberdy, 1976; 
Davis et al., 1977).
The most important objective in the preparation of protoplasts is 
the complete absence of cell wall from protoplasts and the normal working 
criteria for the absence of wall material, in most laboratories are:
a) osmotic fragility, b) loss of rigidity resulting in a spherical form and 
c) observation on protoplast release through a pore or rupture of the wall 
leaving an empty cell wall behind .(Villanueva and Garcia Acha, 1971).
3.1. MATERIALS AND METHODS
3.1.1. ORGANISMS
The strain of A. niger (described in previous section) was used 
for the preparation of protoplasts. Lytic enzyme was obtained by using
the Peberdy strains of Trichoderma viride Pers. ex S.E. Gray (Peberdy 
and Gibson, 1971).
3.1.2. PREPARATION OF LYTIC ENZYME FOR THE RELEASE 
OF PROTOPLASTS FROM A. NIGER
To obtain lytic enzyme from Trichoderma viride, this mould was 
grown in a liquid medium containing the following ingredients:
Culture medium g/i
Glucose 3.0
Hyphal walls of A. niger (dried) 5.0
Bacto peptone (Difco) 1.0
Urea 0.3
k h 2p o 4 2.0
(NH4) 2 so4 1.4
Mg SO , 7H20 0.3
CaCl2 , 6H20 0.3
Trace element solutions (Vogel) 1 ml.
Trichoderma viride strain was maintained on the same medium with 15% 
agar. Hyphal walls can be replaced by chitin (Sigma) 5 g/1 and Laminaria 
meal 10 g/1. In the present study, the above medium plus chitin and 
laminaria meal was used. • Hyphal wall material was prepared by blending
the mycelium of A. niger (4 days old) in an •homogenizer and then washing 
the homogenate on a B; 
obtain a fine powder.
uchner funnel, drying at 70°C and grinding to
Conical flasks (250 ml), each containing 80 ml medium, were prepared and 
plugged with cotton, wool and alcon foil. Glucose was autoclaved separately. 
The cultures were inoculated with a spore suspension of T. viride to give 
10 6 spores/ml and incubated at 30°C on a shaker (200 rpm) under constant 
illumination for 4 days. The harvested culture fluid was centrifuged at 
8000 rpm on (MSE High Speed 18j for 15 minutes, and concentrated to V 10 of 
its volume on a rotary evaporator under reduced pressure at no more than 
30°C. The concentrate was centrifuged at 8000 rpm for 30 minutes, sterilised 
by membrane filtration, and stored frozen until required. This lytic 
enzyme can be kept frozen for up to 6 months.
3.1.3. PREPARATION OF PROTOPLASTS FROM A. NIGER
A. niger.was grown on C-D agar for both maintenance and for the 
preparation of spore suspensions. Flasks (500 ml) containing 100 ml 
C-D medium were prepared and inoculated with a spore suspension of 
A. niger to give a final concentration of 1 x 10^/ml and incubated at 
30°C on a shaker (200 rpm) for 24 hours. Mycelium was harvested by 
vacuum filtration, washed with buffer stabilizer solution, and finally 
suspended in a mixture made up of equal volumes of lytic enzyme and buffer 
stabilizer to give a concentration of 0.02 g mycelium (wet weight) per ml. 
The.mixture was incubated in a 100 ml conical flask at 30°C on a shaker 
(76 rpm) for up to 3 hours. Protoplasts were separated by filtration 
through glass wool and then, sintered glass filter (Pyrex Porosity 1).
The filtrate containing the protoplasts was then centrifuged at 1500 rpm 
for' 10 minutes, the supernatant being discarded.. Sedimented protoplasts- 
were washed (3 times) with buffer stabilizer and recentrifuged at 1500 rpm 
for 10 minutes. The clean protoplasts were used immediately for the study 
of cell wall regeneration.
When Mg SO^in phosphate buffer was used as stabilizer solution, the 
protoplasts of A. niger became highly vacuolate and floated when 
centrifuged. After centrifugation, the floating layer was removed by 
pipette, washed (3 times) and'clean protoplasts used for regeneration • 
study.
3.1.'4. PREPARATION OF PHOSPHATE BUFFER AND DIFFERENT STABILIZERS 
Phosphate buffer (0.2 M) was prepared as follows:
Solution A: 0.2 M NaH^PO^
NaH2P04 anhydrous (27.8 g) or N a H ^ ,  2H20 (31.2 g) was dissolved in 
distilled water (1 litre).
Solution B: 0.2 M Na^PO^
Na2HP04 anhydrous (28.39 g) or Na2HP04 , 7H20 (53.65 g) was dissolved in 
distilled water (1 litre). •
For preparation of 0.2 M phosphate buffer pH 5.8, 8  ml of solution B 
was added to 92 ml of solution A.
Stabilizer solution was prepared by adding the salts to the 
phosphate buffer solution. Different quantities of Potassium or Sodium 
chloride were dissolved in solution B and solution A added to give pH 
5.8. Mg SO^, 7 ^ 0  was dissolved in a small amount of solution A and 
solution B was added to give pH 5.8.
3.1.5. CELL WALL REGENERATION AND REVERSION 
OF PROTOPLASTS OF A. NIGER
The regeneration of mycelium from protoplasts was studied, with 
and without rubratoxin B, in the following media:
The ^medium of Musilkova and Fencl (1968), Sucrose or Glucose 15%. 
Asparagine 2%; KH 2 P0 4  2.5%, Mg SO^, 7 H 2 O 0.5%.
The AM medium of Peberdy and Gibson (1971), Glucose 10 g, Sodium citrate 
3 g, KH 2 P0 4  5 g, NH 4 N0 3  2 g, Mg SC>4 , 7H20 0.2 g, CaCl 2  0.1 g, yeast extract 
(oxoid) 0.25 g/1. This medium was supplemented with 5% glucose and 0.4 M
o
NH„C1 as osmotic stabilizers.
4
Vogel's medium and Czapek-Dox medium with the addition of 0.6 M KC1.
Two different concentrations of rubratoxin B (1000, 500 yg/ml) were 
prepared and 2  ml added to 2  ml of each medium, the protoplasts being 
suspended in these media. The protoplast suspensions were incubated at 
30°C and observations were made in small test tubes or cavity slides over 
a period of two days.
3.2. RESULTS
3.2.1. BUFFER AND STABILIZER SOLUTION
One of the most important factors for the preparation of protoplasts 
was the composition of the osmotic stabilizer. Musilkova (1970) examined 
a number of sugars (arabinose, xylose, glucose, fructose, galactose, 
sucrose, lactose) as osmotic stabilizers for the preparation of A.' niger 
protoplasts. He found that in solutions of all the named sugars, 
protoplasts underwent a rapid decomposition. Davis et al., (1977) 
demonstrated that, at low concentrations of stabilizer salts (0.1 - 0.2 M) 
protoplasts released /began to swell and after a short time ruptured.
Three inorganic salts, NaCl, KC1, and Mg SO^, were tested at
different molarities and, with the exception of Mg SO^, were dissolved in
0.2 M phosphate buffer adjusted to pH 5.8. The magnesium salt was
dissolved in 0.02 M phosphate buffer. The salts varied in their ability
to support the release and maintain the stability of protoplasts of
A. niger (Table XXIV) but 0.6 M KC1 was particularly effective and the
maximum number of released protoplasts was observed with this salt. In
all cases, 0.6 M solutions of the stabilizer gave the best results. In
buffer alone, no protoplasts were released, at 0.2 M, the protoplasts
*
were unstable and disintegrated soon after their appearance. Increasing 
the molarity of salts caused an increase in the number of released 
protoplasts. With 0.6 M KC1, the maximum number of protoplasts was 
obtained after 3 hours at 30°C and remained constant up to 4 hours.
(Table XXV). Further increases in the molarity of salts in stabilizer 
solutions caused a decrease in the stability of protoplasts. When 0.6 M 
Mg SO^ was used as an osmotic stabilizer, most of the protoplasts 
floated and all of them contained, one very large vacuole. When protoplasts 
were transferred to distilled water, or into buffer solutions with low 
concentrations of salts, they swelled slightly and burst rapidly.' The 
same result has been reported by Davis et al., (1977) in the preparation 
of protoplast from giant cells of A. niger.
3.2.2.- AGE OF MYCELIUM
Mycelium from batch cultures of A. niger at different ages was 
tested for production of protoplasts. It was possible to obtain
protoplasts of this mould from a young mycelium and the maximum number 
of protoplasts was released from 18 - 24 hours old hyphae, using 
T. viride lytic enzyme. The number of released protoplasts decreased 
with increasing age of the mycelium and was considerably reduced using 
mycelium older than 2 days. (Tables XXVI and XXVII).
3.2.3. LYTIC ENZYMES,
Snail digestive juice is generally used for the preparation of 
protoplasts from the cells of yeasts or filamentous fungi. (Eddy and 
Williamson, 1957; Bachmann and Bonner, 1959). The use of this enzyme 
for the production of protoplasts from A. niger was reported by 
Musilkova and Fencl (1968).
Lysis of the fungal walls by enzymes produced by another species 
of fungi has been studied by several workers. Lytic enzyme produced by 
Penicillium purpurogenum was used for the released protoplasts from 
A. niger mycelium by Musilkova et al., (1969).
In the present study, snail enzyme (Sigma) and lytic enzyme 
produced by Trichoderma viride were tested using A . niger mycelium. In 
the case of snail enzyme (10, mg/ml) a low yield of protoplasts was 
obtained and released protoplasts were relatively small. The T. viride 
lytic enzyme was more effective for the preparation of protoplasts from 
mycelium of A. niger. Twenty four hour old mycelium of A. niger was 
used at final concentrations of 0.02, 0.06, 0.1, 0.14 and 0.20 g (wet 
weight)/ml of digestion mixture (T . viride'lytic enzyme + equal volume 
of phosphate buffer stabilizer) and the protoplast yield was investigated 
after three hours incubation at 30°C. Production of protoplasts from 
A. niger mycelium was maximal with 0.02 g of mycelium/ml of lytic enzyme 
mixture (Table XXVIII).
One of the important factors for the preparation of protoplasts 
from A. niger is the mode of incubation of mould mycelium with lytic 
enzyme. The maximum formation of protoplasts was obtained during
o
incubation of suspension inlOO ml flasks on a shaker at 76 rpm and 30 C 
for 3 hours.
3.2.4. CELL WALL REGENERATION AND REVERSION
OF A. NIGER PROTOPLASTS
Two classes of protoplasts arise during incubation of young 
mycelium of A. niger with Trichoderma viride lytic enzyme in the presence 
of 0.6 M Mg.SO^ or 0.6 M KC1 as the osmotic stabilizer. In the case 
of Mg SO^, the protoplasts contained a very large vacuole and floated 
during centrifugation. The floating layer of washed protoplasts was 
collected, the washing procedure was repeated twice, and the concentrated 
suspension was immediately diluted with an equal volume of a range of 
different regeneration media. In the presence of 0..6 M KC1, higher 
yields of protoplasts were obtained and they contained small vacuoles or 
none at all. After washing protoplasts were transferred into equal 
volumes of regeneration media. Most of these protoplasts were able to 
produce new cell wall. The protoplast regeneration was examined in four 
different media over a period of 2 days. The first sign of regeneration 
was seen after 6 hours in Vogel's medium containing no rubratoxin B and 
after 7, 7 and 8 hours in N 2 medium, AM medium and C-D medium respectively. 
In Vogel's medium between 6 - 7  hours, a chain was formed and the 
protoplasts gave rise to a chain of yeast, like cells and then regenerating 
structures lengthened until 16 hours when hyphae were produced. After 
30 hours, newly formed hyphae lengthened, branched and produced new 
mycelium. Protoplasts in tubes produced mycelium and spores after 4 
days.
In the presence of rubratoxin B, ' (250 yg/ml) protoplasts could 
regenerate after 14 hours, and the hyphae showed damage. Very often, 
the tips of the hyphae were swollen and many abnormalities observed. 
Protoplasts in tubes in the presence of rubratoxin B (250 yg/ml) could 
also regenerate and produced a few swollen hyphae but toxin completely 
inhibited the growth of damaged hyphae and sporulation of A. niger.
Protoplasts of A. niger in Vogel's medium, regenerated in two 
different ways.
a - Protoplast produced a chain of yeast like cells and finally developed 
to a hypha (Fig. 52a).
Protoplast germinated directly and produced hyphae which gave 
normal mycelium (Fig. 52b).
Table XXIV. The number of released protoplasts from A. niger mycelium
after 3 hours in different salts solution by use of 
T. viride lytic enzyme.
Buffer Stabilizer Molarity Amount of released protoplast
Phosphate Buffer alone - 0
Phosphate Buffer + NaCl 0.2 +
0.4 ++
0.6 +++
0.8 ++
. Phosphate Buffer + KC1 0.2 +
0.4 +++
0.6 ++++
0.8 +++
Phosphate Buffer + Mg SO^ 0.2 +
° . O'. 4' ++
0.6 +++
0.8 ++
0 = No protoplast release
+ = Very low yield of protoplasts and unstable, bursting rapidly
++ = Very low yield of protoplasts
. +++' = Low yield of Protoplasts 
+ - H - +  = High yield of protoplasts.
Table XXV. The numbers of released protoplasts from A. • niger mycelium
during 7 hours incubation at 30°C by use of T. viride
enzyme and 0.6M KC1 as stabilizer.
Incubation Time 
Hours
Amount of Released Protoplasts
• - 1 +
2 ++
3' ++++
4 ++++
5 +++
6 - ++
7
0
++
Table XXVI. Protoplasts formation from A. niger at different age of
mycelium by T. viride lytic enzyme after 3 hours 
incubation at 3o°C.
Age of Mycelium of A. niger 
Day
Amount of Released Protoplasts 
after 3 hours incubation
"• ' 1 ++++
2 ++
3 +
4 +
Table XXVII. Protoplasts formation from A . •niger at different age of 
mycelium by T. viride lytic enzyme after 3 hours 
incubation at 30°C.
Age of Mycelium of A. niger 
Hours
Amount of Released Protoplasts 
after 3 hours incubation
18 ++++
24 ++++
36 +++
48 ++
Table XXVIII. Effect of mycelium concentration in the lytic enzyme
• mixture on protoplast formation from A. niger 24 hrs 
mycelium after 3 hours incubation at 30°C.
Concentration of mycelium g/ 
in one ml of lytic enzyme mixture
Amount of released 
protoplasts
0.02 ++++
0.06 +++
0.10 ++
0.14 +
0.. 2 +
Fig. 52. Protoplasts of A. niger regenerate in two different ways.
a. Produce a chain of yeast like cells.
b. Protoplasts germinate directly.
3.3. DISCUSSION
Various salts with different molarity were used to obtain 
protoplasts from A. niger and tested for their influence on the release 
and support protoplasts. Use of Mg SO^ and KC1 as stabilizer salts has 
been reported by different workers (de Vries and Wessel, 1972; Peberdy 
et al., 1976; Davis et al., 1977). The use of these two salts instead 
of organic compounds also has the advantage of preventing bacterial 
growth during incubation (Gascon and Villanueva, 1965). There is no 
universal stabilizer for protoplast production and it is necessary to 
determine the best for each specific organism.
The relative density of the protoplasts varied, depending on 
the osmotic stabilizer used and the hyphal region from which the 
protoplasts were released. The smallest protoplasts were non vacuolate 
with dense cytoplasm and were the first to be released. These protoplasts 
appeared to be released from pores which were mainly located near the 
tips of the hyphae. Whereas those released later, were larger with 
vacuoles and less'dense cytoplasm and were probably released from the 
other region of hyphae behind the apex.. The successive release of 
.different sizes of protoplasts may have reflected differences in 
susceptibility of different parts of the hyphae to the lytic enzyme in 
the presence of different stabilizers.
When hyphae of various ages were used, it appeared that the 
highest yield of protoplasts was obtained from the youngest hyphae.
These results are similar to those reported by other workers. (Bachmann 
and Bonner, 1959? Aguirre and Villanueva, 1962; Musilkova and Fencl, 1968? 
de Vries and Wessel, 1972; Peberdy et al., 1976). The significance of 
mycelial age for formation of protoplasts is unknown, however, it may be 
due to differences in the structure of the hyphal wall as mycelium ages. 
The results shown in-Table XXVIII indicate that digestion was most 
extensive at lower mycelial concentration and at the higher mycelial 
levels, the enzyme concentrations were probably limiting.
The observation that protoplasts were not produced in static 
culture, but -only in flasks, when shallow layers of medium were shaken 
gently, demonstrates how important incubation conditions are for the 
successful production of protoplasts. Shaking may ensure a constant 
supply.of fresh enzyme at .the hyphal surface, facilitate the release of 
protoplasts, and provide a sufficient supply of oxygen.
A. niger protoplasts can be released by the action of the 
enzymes produced by other fungi. It is probable that growing the fungi 
on the walls of the particular mould of which protoplasts are to be 
released, will give the most potent enzyme preparation, thus in the 
present study, Trichoderma .viride was grown on a medium containing 
A. niger mycelium and the lytic enzyme preparation gave a higher yield 
of protoplasts from A. niger mycelium than did snail enzyme.
An important difference between T. viride enzyme and snail 
digestive juice is the absence of a, 1 - 3 glucanase in the snail 
enzyme preparation (de Vries, 1974). The wall of A. niger has been 
shown to contain an a, 1 - 3  glucan (Johnston, 1965a) and yet snail 
enzyme, lacking the a, 1 - 3 glucanase, has been used to release 
protoplasts from this mould, both in the present study and by Musilkova 
and Fencl,. (1968).• This suggests that the release of protoplasts may 
not require the hydrolysis of a, 1 - 3 glucan in the wall, or that the 
enzyme activity of commercial snail digestive juice used by different 
workers varied.
Protoplasts of A. niger in Vogel1s medium with the addition of 
stabilizer were able to produce new cell wall and subsequently reverted 
to hyphal growth. Most of the hyphae emerged after a stage of chain 
formation of yeast like cells as reported by Peberdy and Gibson, 1971; 
Garcia Acha et al., 1966.
The small protoplasts which are released from the tips of hyphae 
may be expected to have a greater capacity for regeneration and cell 
■wall production as. the hyphal tip has the greater ability for synthesis 
of cell wall, but the experience showed that the two types of 
protoplasts which were released during incubation did not -have a 
significant difference in their ability of regeneration and cell wall 
synthesis.
A. niger protoplasts, in the presence of rubratoxin B, were 
able to regenerate and reverted to damaged hyphae which could not grow. 
The distorted and swollen mycelium resembled that produced from the 
germination of spores in the presence of rubratoxin B . It has been 
suggested that the absence of organelles such as nuclei in protoplasts 
might prevent the synthesis of new cell wall (Garcia Acha et al., 1966). 
The nucleated protoplast of Saccharomyces cerevisiae could synthesize 
new cell wall, even after inhibition of protein synthesis by cyclo- 
heximide (Kopecka el: al., 1974). The fact that protoplasts in the 
presence of rubratoxin B can regenerate and produce new cell wall 
indicates that the potential for wall synthesis remains intact in the 
presence of this toxin.
CHAPTER IV
THE CELL WALL COMPOSITION OF
a
ASPERGILLUS NIGER
4. THE CELL WALL COMPOSITION OF A. NIGER
The significant properties of fungal walls, such as their 
morphological features, biological activity and mechanical strength are 
to a great degree, dependent upon their chemical composition. There is 
a relationship between taxonomic classification and the cell wall 
composition of the fungi and some close correlations can be expected 
between cell wall properties and the properties of whole fungus (Bartnicki 
Garcia, 1968).
The fungal cell wall has a complex structure composed mainly of 
polysaccharides and some protein and lipid and may be regarded as two 
phase system. The microfibrils which mesh together to form a net and the 
spaces in the net which are filled by a matrix of amorphous materials.
The outer surface of the wall is smooth or slightly granular in texture 
and composed of amorphous materials, often glycoprotein, whereas the 
skeletal micro crystalline compounds are in the inner wall layer, and the 
spaces between them are filled with amorphous materials, probably of the 
same chemical composition as that of the outer wall layer. (Farkas, 1979)
In hyphal cells, the growth of the wall is restricted to the 
apical region and for the control of cell wall growth, there must exist 
a balance between the processes of wall synthesis and wa-11 lysis to assure 
the orderly growth of the cell wall. Too much synthesis would cause 
thickening of the wall and too much lysis would lead to bursting or 
swelling of the apex.
The literature concerning wall structure and formation in fungi 
is quite extensive (Aronson, 1965; Bartnicki-Garcia, 1968; Bartnicki- 
Garcia, 1973; Rosenberger, 1976; Farkas, 1979; Burnett and Trinei, 1979).
A number of techniques are available for cell disruption.
Sonication has been widely used for the preparation of fungal 
cell wall, it is less effective against old mycelium and cells with thick 
wall. (Bull, 1970); it is also less effective than methods using glass 
beads (Johnston, 1963; Mitchell and Taylor, 1969;. Unger and Hayes, 1975). 
When glass beads are used, care must be taken to remove all beads from 
the cell wall preparation. Various homogenizers are used for breaking 
cells with glass beads, including, Mickle cell- disintegrator (Northcote
and Horne, 1952; Crook and Johnston, 19.62) , the Braun (MSK) mechanical 
cell homogeniz.er (Domer et al., 1967; Unger and Hayes, 1975), and 
stainless steel .waring blender (Mitchell and Taylor, 1969).
• 4.1. MATERIALS AND METHODS
4.1.1. MATERIALS
a) Cell wall preparation
I) The strain of A. niger was maintained on Malt and yeast 
extract agar slopes (Malt extract 3%, yeast extract 0.5%, Agar 
1.5%).
II) C-D medium with or without rubratoxin B (15 yg/ml)
III) Glass beads (150 - 200 ym diameter)
I V ) . Methylene blue (1/10,000) in ethanol.
b) Amino sugars determination
I) Ion exchange column was made from 10 mm Pyrex glass tube
with 25 cm length and lower end was tapered to an opening of 1 - 2mm.
II) Dowex - 50 (strongly acid cation exchange resin) dry mesh 
(200 - 400) Sigma.
III) Pyrex glass wool (lead free) B.D.H.
IV) Acetylacetone: was redistilled in vacuum and only the first 
colourless fraction was used. This reagent was prepared as 2% 
solution (v/v) in IN sodium carbonate.
v) Ehrlich's reagent - 2.67% (w/v) P-dimethylaminobenzaldehyde
in (1:1) mixture of ethyl alcohol and concentrated HC1.
VI) Glucosamine hydrochloride-, Sigma.
Neutral sugars determination
I) Amberlite IR-120 (hydrogen form) and Amberlite IR-400 
(acetate form), analytical grade B.D.H.
II) Whatman No. 1 paper 18 x 22 inches was used for chromatography.
III) Chromatographic solvent: Butanol: Pyridine: water (6-4-3).
IV) Colouring reagent - 1.66 grams of 0 - phthalic acid was 
dissolved in 48 ml of 1 - butanol, 48 ml of ethyl ether and 4 ml 
water and finally 0.91 ml aniline was added to the solution.
V) Eluting agent - was prepared by adding 29 ml of 36% HC1 
to 420 ml 95% ethanol and making up to 500 ml with water-.
VI)' Standard solutions: a series of different concentrations 
of sugars was prepared and applied to the paper with 5 yl micro­
pipettes. The final concentration of sugars in each spot for 
paper chromatography was:
Glucose 50 yg 100 yg 150 yg 200 yg
Galactose 20 yg 40 yg 60 yg 80 yg
Mannose 50 yg 100 yg 150 yg 200 yg
Xylose 15 yg 25 yg 50 yg 100 yg
Protein determination 
d.l. Biuret reagent
I) Aqueous Cu SO^, 5 ^ 0 ,  .2.5% w/v.
II) Aqueous NaOH, 3.0 N.
Ill ) Protein standard: bovine serum albumin (13.6% nitrogen content),
Sigma, (0.125 - 4 mg/ml).
d.2. Lowry reagent
I) 5% Na2C03.
.II) 0.5% Cu SO^, 5H20 in 1% Sodium Potassium Tartrate,
III) To 5. ml .of reagent I added 2 ml of reagent :il, this reagent 
should be prepared immediately before use.
IV) Diluted Folin-Ciocalteu reagent: Total acidity of this 
reagent must be accurately adjusted, as the final colour developed 
is sensitive to pH. The reagent must be diluted with distilled 
water to give a total acidity of exactly 1.0 N, for this purpose a 
sample of reagent was titrated against 1 N NaOH in the presence of 
one drop phenolphthalein as indicator.
V) Protein standard: bovine serum albumin was prepared to give 
a range of concentrations between 12.5 - 100 yg/ml.
Amino acid determination
I)
PH
Loading buffer:
Normality .(Na ) 
Sodium citrate, 2 ^ 0  
Cone HCl 
Thiodiglycol 
Water up to
2.15 - 2.2 
0.2 N 
19.6 g 
16,5 ml 
1.0 g 
1 litre
I I ) Single column protein hydrolysate 3 sodium citrate buffer 
systems.
pH
Buffer A 
3.8
Buffer B 
4.8
Buffer C 
7.5
+
Normality (Na ) 0.2 0.2 1.2
Sodium citrate, 2H20 (g/1) 19.6 19.6 19.6
10.ON HCl (mis) 12.3 8.4 83.2 .
Phenol g/1 1.0 ' 1.0 1.0
Sodium hydroxide g/1 - - 40.0
Water to 1 litre 1 litre 1 litre
Thiodiglycol only added to buffer A. (3 ml/litre)
Ill) Sodium acetate buffer:
Sodium acetate, 3H20 (AR) 544 g
. . Glacial acetic acid 100 ml
Distilled water to 1 litre
pH was adjusted to 5.51 with IN - NaOH.
IV) Ninhydrin reagent: was prepared by mixing the following 
reagents: 1% ninhydrin in 0.5 M acetate buffer pH 5.5 (5 part); 
glycerol (12 part) and 0.5 M acetate buffer pH 5.5 (2-part).
4.1.2. METHODS
4.1.2.1. CELL WALL PREPARATION
Shake flasks of Czapek-Dox medium (85 ml), with or without 
rubratoxin B, were inoculated with a 24 h, vegetative inoculum (5 ml) of 
Aspergillus niger prepared by inoculating shake flasks of the same medium 
(with or without rubratoxin) with a heavy spore suspension, itself 
prepared from a malt and yeast extract agar slope culture. Flasks were 
shaken at 200 rpm at 30°C for 76 h, harvested by filtration, and the 
resulting mycelium thoroughly washed with sterile distilled water. Fungal 
cell disruption was done by two different methods.
a) Cell wall disruption with glass beads
Washed mycelium (8 g wet weight) dispersed in an overhead drive
waring blender, was kept on ice and mixed with 20 ml of ice-cold 0.1 M
NaCl solution. ..A portion (10 ml) .of the'resulting suspension was .
then pipetted into each of two cooled Mickle cups containing 13.5 g of
o
glass beads. The operations were carried out in a cold room at 4 C, and 
suspensions were shaken in the Mickle disintegrator for 60 minutes. The 
supernatant was separated and the beads were washed for 3 times with M- 
sucrose solution, the washings being added to the supernatant and the 
suspension centrifuged at 1400 g for ten minutes. Whole cells or unbroken 
mycelial clumps formed a pellet beneath the cell wall fraction and the wall 
was easily loosened and separated by gentle'shaking with small quantities
of M-sucrose. The cell wall material was washed 3 times with M-sucrose,
3 times with 0.1 M - NaCl (adjusted to pH 7.9 - 8.0 with saturated 
NaHCO^ solution) and finally 3 times with distilled water. Then the cell 
wall material was resuspended in 5 ml of 0.1 M - NaCl. and shaken with 
5 gram of glass beads for 30 minutes and the whole washing procedure was 
repeated until clean cell wall material was obtained.
b) Cell wall preparation by using ultra-sonic disintegrator
Washed mycelium (8 g wet weight) was homogenized in 20 ml ice- 
cold NaCl (0.1 M) using a waring blender and centrifuged at 800 g for 
10 minutes. The pellet of mycelial debris was resuspended in ice-cold 
NaCl (0.1 M) and ultrasonicated (4 x 30 seconds) in an ice bath, the 
resulting material being centrifuged at 1400 g for 10 minutes at 4°C. The
pellet of wall material was washed sequentially with three changes, each . 
of sucrose (1.0 M ) , NaCl (0.1 M) and finally sterile distilled water. The
ultrasonication and washing procedure was repeated two or three times more
until a sample mounted in methylene blue remained unstained when examined 
with a microscope. The resulting material was freeze dried and stored for 
subsequent analysis.
4.1.2.2. ANALYTICAL METHODS 
4.1.2.2.1. AMINO SUGARS DETERMINATION
■ The method.of Boas (1953) was used for the determination of 
hexoseamine in cell wall material.
a) Preparation of column
Dowex-50 was washed several times on a Buchner funnel with 2 N- 
NaOH, 2 N-HC1, and finally distilled water and the excess moisture was 
removed by suction. A suspension of resin in water (1:1 w/v) was 
prepared, shaken vigorously, and 5 ml of this suspension was added 
immediately to each column. Before addition of resin suspension, a small 
amount of Pyrex glass wool and sand was added respectively into the lower 
end of column and covered with a circle, filter paper, and also one circle 
filter paper was placed on the top of the resin.
b) Hydrolysis procedures
Clean cell wall (10 mg) was suspended in 3 ml of 4 N-HC1 and heated 
in a boiling water bath for 15 hours, 10 -mg of cell wall with 3 ml of 6 N- 
HCl in sealed tube was heated at 110 C for 15 hours or the same amount of 
cell wall with 3 ml 4 N-HC1 was heated at 110°C for 20 hours.
c) Resin separation of hexosamines
After hydrolysis all samples were adjusted to 10 ml with distilled
water and.filtered. The samples were then mixed with an equal volume of
water and 2 ml of each sample was transferred onto each ion exchange 
'column (glucosamine will be completely absorbed on to the resin if the 
volumes do not exceed the following: 10 ml of 0.25 N, 5 ml of 0.5 N, or
2 ml of 1 N acid). Water (10 ml) was added to the column after the unknown
was passed through, and the washing water and effluents of the hydrolysate
were discarded. The hexosamines were eluted with 2 N-HC1 and the first
5 ml was collected.
The column was washed with 12 ml of 2 N-NaOH and regenerated with 
„ 15 ml of 2 N-HC1, and about 4 ml of 2 N-acid was left in the column (the
column was -then ready for the next run).
d) Hexosamines determination
Samples (1 ml = 0.2 mg cell wall, or 2-.5 ml = 0.5 mg cell wall) were 
pipetted into a 10 ml flask. Duplicate standards were prepared by adding 
1 ml of glucosamine hydrochloride solution (0.020 mg/ml or 0.060 mg/ml) 
to each of two flasks and added water to make the volume equal to all 
unknowns and standard. A reagent blank containing water was prepared and 
in the presence of one drop of 0.5% phenolphthalein as indicator, 4 N-NaOH 
was added to each flask until the samples just turn red, then 0.5 N-HC1 
was added drop by drop until the indicator colour just disappeared. To 
make the concentration of salt, the same in all flasks, 4 N-NaCl was added 
to the standards and blank in a volume equal to that of NaOH used in the 
unknown, and the final volumes were adjusted with distilled water to 
allow for differences' in the numbers of drops of HCl used.
To each sample, standard and blank, 1 ml of acetylacetone 
reagent was added, the flasks were stoppered and heated in a water bath at 
89 - 92°C for 45 minutes. After cooling the flasks in a water bath at 
room temperature, 2.5 ml of ethylalcohol-was added, mixed, and one ml of 
Ehrlich’s reagent added, shaken very carefully, and the reaction mixture 
adjusted to 10 ml with ethyl alcohol. After lh hours, the optical
densities of solutions were read on a Unicam SP 600 spectrophotometer at
530 nm. A correction factor of 0.829 was necessary to express values of 
the unknown in terms of free hexosamine, since glucosamine hydrochloride 
was used as standard. Hexosamine (mg) in the sample = :
optical density of the unknown.
.optical density of the standard X ■mg concentration of standard X 0.829.
. 4.1.2.2.2. NEUTRAL SUGARS DETERMINATION
The method of Johnston (1965) was used for the hydrolysis of.
neutral carbohydrates and the monosaccharides released by hydrolysis were
examined chromatographically by the-method of Wilson (1959).
a) Hydrolysis of neutral carbohydrate
Dried cell wall (50 mg) was soaked in 2.5 ml of H 2 S ° 4  (70%), kept
overnight in a refrigerator, diluted to 2 N-acid with distilled water, and 
refluxed for 6 hours. The resulting material was neutralized with BatOH)^
-to pH 7 and the precipitated material (BaSO^) was separated by centrifugation, 
washed 3 times with a small amount of water, the washings combined with the 
supernatant,’ and deionized with Amberlite, then the resulting solution was 
concentrated to 2 ml. This solution was used for the determination of the 
amounts of different sugars in cell wall using paper chromatography.
b) Chromatographic method
Quantitative paper chromatography was used for the determination of 
mixed sugars in cell wall hydrolysate. A series of different-concentrations 
of known sugars were prepared as standards and the sample and standards
applied to Whatman No. 1 paper with 5 jil micropipettes. The spots were 
dried after each addition by an air drier. The sugars were separated by 
three times descending chromatography using butanol: Pyridine: water 
(6.: 4:3), the paper being dried in a fume cabinet between each run. After 
chromatography, the paper was air dried for at least 4 hours, dipped into 
the colouring reagent, and air dried again before heating at 105°C for 10 
minutes in a forced air oven to develop the spots. The spots were cut out 
into small strips and dropped into Bijou bottles containing 4 ml of 
eluting agent. The bottles were shaken three times during an hour and then 
the absorbances of the solutions were determined on a Unicam SP600 
spectrophotometer at 390 nm. The quantity of each sugar was calculated by 
reference to the relevant standard curve which varied slightly from run to 
run. A paper blank in 4 ml eluting agent was used as blank.
4.1.2.2.3. LIPID DETERMINATION
The method of Bartnicki-Garcia and Nickerson (1962) was used 
for the determination of lipids in the cell wall of A. niger.
Dried cell wall (40 mg) was shaken with 20 ml of a mixture of 
equal volumes of 95% ethanol and ether for 24 hours at 30°C. The solvent 
was separated by filtration through a Whatman No, 1 filter paper, prewashed 
with the same solvent. The extraction was repeated three times and after 
each extraction, the residue was extracted twice with chloroform. All 
extracts were combined and the solvents' removed in vacuo and the concentrated 
material was extracted with ether. The ether extract was dried with 
anhydrous sodium sulphate and the ether evaporated. The residue was 
desiccated in vacuo and weighed. This residue was the readily extracted 
lipid and for the determination of .bound lipid the cell wall residues from 
ethanol - ether and chloroform treatments were digested in acidic ehtanol - 
ether £l ml of 12N-HC1 diluted to 100 ml with 95% ethanol - ether (1:1 v/v)J 
in a water bath at 50°C for 5 hours. The extraction was followed by two 
further extractions with 95% ethanol - ether and one with chloroform; each 
extraction being for 24 hours. These extracts were combined and the solvents 
were removed in vacuo. The concentrated material was extracted with ether, 
dried with anhydrous sodium sulphate, evaporated, and the residue desiccated 
in vacuo and weighed.
4.1.2.2.4. PROTEIN DETERMINATION
The amount of protein in the cell wall of fungi can be determined 
as the total nitrogen corrected for hexosamine nitrogen or by the biuret 
method (Herbert et al., 1971) or that of Lowry (Lowry et al., 1951).
Total nitrogen.was determined by the Kjeldahl method, which is described 
in Chapter V.
a) Biuret method
• This method is used for the determination of soluble protein and 
in order to use it for the determination of total protein in microorganisms, 
the protein in cell must be completely extracted to a soluble form. The 
heating of cell material with IN NaOH at 100°C appears to extract the 
protein. Heating of various amounts of pure proteins with IN NaOH has been 
reported to have no effect on the intensity of their biuret reaction.
Cell wall suspension-(2 ml containing 10 mg dry weight cell wall) 
and 2 ml of different concentrations of standard protein solutions were 
pipetted into centrifuge tubes, one tube containing 2 ml water instead of 
protein solution for a blank. One ml of 3.ON NaOH was added to each tube 
which was placed in a boiling water bath for 5 minutes, then cooled in cold
e
water bath and one ml of 2.5% Cu SO^ was added to each tube and shaken 
thoroughly. The reaction mixtures were allowed to stand for 5 minutes, 
centrifuged, and the optical densities of the supernatant solutions read 
in a Unicam SP 600 spectrophotometer at 555 nm.
b) Lowry method
For the determination of protein in fungal cell wall by the Lowry 
method, the insoluble protein, as in Biuret method, must first be 
solubilized by heating with 1.0N NaOH for 5 minutes in a boiling water 
bath.
.Cell wall suspension (0.5 ml) was pipetted into a test tube and a 
series of different concentrations of serum albumin was used as standards,
0.5 ml distilled water, instead of cell wall suspension, was used as a 
blank, 0.5 ml of IN NaOH was added to each tube which was placed in a 
boiling water bath for 5 minutes and cooled in a cold water bath. To 
each tube was added 2.5 ml of reagent III and after standing for 10 minutes,
0.5 ml of reagent IV was added rapidly and mixed well. Reaction mixtures 
were allowed to stand for 30 minutes to allow the colour to develop before
X
measuring the optical densities at 750 nm in a Unicam SP 600 spectrophotometer.
4.1.2.2.5. AMINO ACID DETERMINATION
The amino acid composition was determined using an autoanalyzer 
after hydrolysis of cell wall-. . .
a) Hydrolysis method
Hydrolysis of cell wall was done using the method of Unger and 
Hayes (1975) .
Cell wall material (10 mg) was hydrolysed in 6N HCl at 110°C for 
70 hours in evacuated, sealed tubes. After cooling and opening, samples 
were dried down over KOH pellets in a vacuum desiccator.
b) Determination of amino acid by amino acid analyzer
The hydrolysate was dissolved in 5 ml of loading buffer and 1 ml 
was used for the quantitative determination of individual amino acid on an 
LKB 410 Amino Acid Analyzer (LKB, Biochrom Ltd., England). Acidic, neutral, 
and basic amino acids were separated on a single column (725 x 9 mm) packed 
with'a cation exchanger (Aminex R, Bio Rad Laboratories, California).
Sodium citrate buffers with different ionic strength and pH were used as 
eluents, and the flow rate was maintained at 60. ml per hour throughout the 
analysis.
For the quantitative determination of each amino acid, the curve 
with the highest absorption value was used. For most amino acids, this 
is the 570 nm curve. For proline, however, the highest absorption is to 
be found at 440 nm.
A standard solution containing 2.5 ]i moles of each of 18 amino 
acids was obtained from LKB (LKB Biochrom, England), and was further 
diluted 1:25 prior to the analysis (the final concentration was 100 n moles/ 
ml of each of the 18 amino acids). The accuracy of this technique was 
evaluated and found to be within 3%.
The last two determinations of cell wall amino acids were kindly 
done by Dr. Price (Biochemistry Department, Queen Elizabeth College).
4.2. RESULTS
Cell wall material of A. niger was prepared by using.either glass
beads in a Mickle disintegrator or an ultrasonic disintegrator. The size
of glass beads, proportion of cells and liquid, the speed of rotation and
duration of treatment are all important for obtaining clean cell wall
material. When glass beads were used for disruption of the cell wall,
a further treatment by sonication was useful in loosening cytoplasmic
particles adhering to the wall. The fragments of the cell wall which were
prepared by sonic disintegration were larger than those obtained using
glass beads.' The volume of cell suspension which could be treated in the
Mickle disintegrator by glass beads was limited and it took a long time to
©
prepare a small amount of clean"cell wall. There was also difficulty in 
separating all glass beads from the cell fragments. For these reasons, the 
sonic disintegrator was used in most experiments.
• The washing procedure is very important in obtaining clean cell 
wall. The purpose of washing the broken cell wall is to remove all traces 
of cytoplasm and any other material within the cell wall that does not 
belong to the wall. Cell wall material was washed with aqueous solutions 
of sucrose, NaCl, and finally several times with distilled water.
This washing procedure removed much of the cytoplasmic material, 
and when repeated carefully and enough times, a clean cell wall preparation 
was obtained. Sometimes, the cell wall material flocculated, in this case, 
a brief sonication was useful- to disperse the material in the washing 
liquid and gave a good result. The purity of clean cell walls was 
examined under light microscope by using a stain such as methylene blue. 
(Fig. 53, 54).
Amino sugars were determined after hydrolysis of cell wall material 
with hydrochloric acid in vacuo and released as hexosamines. The optimal 
hydrolysis condition (normality of acid and the time of heating) was 
determined by using different concentrations of acids and heating in a 
water bath or oven at different temperatures. The best results were 
obtained when 4N HCl was used and hydrolysis of cell wall was done in a 
boiling water bath for 15 hours. In high concentrations of HCl, and 
heating in an oven, the amount of hexosamine in hydrolysates was lower 
than those hydrolysed in a boiling water bath. In this case the amount of 
hexosamine was about 5.5% for normal cell wall and 5.7% for damaged cell 
wall.’ The best concentration standard was between 0.020 - 0.060 mg 
glucosamine hydrochloride/ml. (Table XXIX, XXX, XXXI and XXXII).
Paper chromatography of cell wall hydrolysates of A. niger showed
the presence of 4 sugars: glucose, galactose, mannose and xylose. The
amount of these sugars was determined from standard curves (Fig. 55, 56,
57, 58) and the results are shown in (Table XXXIII). The concentration of
glucose in A. niger cell wall (21.2%) was higher than that of the other
sugars, which agreed with the results of Crook and Johnston (1962), 
b
Johnston (1965).. The amount of mannose (15.2%) was more than galactose 
(9.7%), and only a small amount of xylose (2%) was found in the cell wall 
of this fungus.
e
Considerable amounts of both free and bound lipids were detected 
in the cell wall preparations of A. niger (Table XXXIV). The amount of
btotal lipids (18%) was much higher than those reported by Johnston (1965) 
(6.7 - 1 . 0 %  and 1.2 - 2.0%) for A. niger cell wall prepared using different 
methods.
Determination of total nitrogen will be a reasonable reflection of 
protein content in animal tissues but with fungi, the result will be much 
higher because of the presence of non-protein nitrogen. When this method 
was used, the amount of non-protein nitrogen was calculated and deducted 
from total nitrogen. The biuret method was very simple to carry out and 
gave reliable results. The values of total protein obtained by this method 
agreed well with the amount of protein determined by- the Lowry method, and 
the only disadvantage of this method was a relative lack of sensitivity.
For each determination 5 - 1 0  mg of cell wall material/ml was needed, but
the Folin-ciocalteu (Lowry method) was more sensitive and it required only 
0.5 mg cell wall/ml. The amount of protein was calculated from standard 
curves in each experiment (Fig. 59).
The gross composition of A. niger wall material from healthy and 
rubratoxin damaged mycelium (Table XXXV) showed some interesting differences 
there being a significant decrease in protein content and a corresponding
increase in the neutral carbohydrate component. There were relatively small
probably insignificant, differences in the total lipids and hexosamine
contents of wall material. The figures shown in Table XXXV are based on
two or three samples of material, but the protein content of a large number 
of preparation was determined using several different methods. (Tables 
XXXVI, XXXVII).
The results of amino acid analyses are shown in Tables XXXVIII, 
XXXIX, XXXX, the total corresponds to 6.09% protein in normal cell wall 
A. niger and 3.73% in damaged cell (Table XXXVII). Both protein' 
analyses are qualitatively comparable with those previously reported by 
Mitchell and Taylor (1969), but there are some differences in the amount 
of amino acids and the most striking differences are the significant 
quantities of histidine and phenyl alanine found in this study in the cell 
wall protein of A. niger. Although histidine was reported to be the third 
most abundant amino acid in an analysis of the wall of an unidentified 
species of Aspergillus (Ruiz-Herrara, 1967) , it is not usually found in 
any quantity in the wall of filamentous fungi. Mitchell and Taylor (1969) 
reported only a trace of histidine in the wall protein of A. niger.
Sixteen amino acids were found in the cell wall protein of this 
fungus and cystine was not detected in the inital studies using the LKB 
Biochrom Amino Acid Analyser but in the samples analysed at Queen 
•Elizabeth College, the presence of a relatively large amount of cystine 
was demonstrated in the cell protein. Mitchell and Taylor (1969) reported 
the presence of significant amounts of this amino acid in cell wall protein 
of A. niger, cystine was also found in the cell wall protein of this fungus 
analysed'by Johnston (1965)^ but was not reported amongst the amino acids 
detected in the wall material of Penicillium rubrum (Unger-Hayes, 1975) 
and a species of Aspergillus (Ruiz-Herrara, 1967).
The protein content of cell wall can be calculated from the total 
amino acids composition of wall if it is assumed that all the amino acids 
occur in the protein. As Table XXXVII shows, the amount of proteins 
calculated in this way are lower than those obtained by direct determination 
of wall protein, but both sets of figures show a similar reduction in the 
amount- of protein in rubratoxin damaged cell wall of A. niger. These 
differences may be accounted for partly because of the destruction of some 
amino acids during the hydrolysis process and partly because standards were 
not available for all of the peaks which were observed in the amino acids 
analysis. Chromatograms of amino acid standards and cell wall hydrolysates 
are shown in Fig. 6 0 - 6 4 .
Table"XXIX. Hexosamine content of normal and rubratoxin damaged cell
•wall of A. niger: Experiment 1 .
Standard: Glucosamine 
hydrochloride 0.06mg/ml
A. niger cell wall 0.5 mg/ml
Optical density Normal optical density Damaged optical density
"S - • 0.39 i  Mean 
S2 • 0.37 0.38
0.31 0.345
Calculation:
Normal = x 0.060 x 0.829 x yr? =8.12^' 
U.po 0.3
. Damaged - " x 0.060 x 0.829 x ■ ■ -- - 9*03$ 
U.po O.p
Table XXX. .Hexosamine content of normal and rubratoxin damaged cell
wall of A. niger:. Experiment 2.
Standard: Glucosamine 
hydrochloride 0.02mg/ml
A. niger cell wall 0.2 mg/ml
Optical density Normal optical density Damaged optical density
51 0.115 | Mean
52 0.115 0.115
0.125 Mean 
0.115 0.12
0.13 Mean 
0.135 0.1325
Calculation:
Normal - -^  x 0.020 x 0.829 z Q°° - 8.65$
Damaged = x.0.020 x 0.829 z q°° - 9-55^
Table XXXI. Hexosamine content of normal and rubratoxin damaged cell
wall of A. niger: Experiment 3.
Standard: Glucosamine 
hydrochloride 0.02mg/ml
A. niger cell wail 0.2 mg/ml
Optical density Normal optical density Damaged optical density
"S’ 0.125 Mean
S2 0.12 [o.1266 
S5 0.135
0.13 j Mean 
0.13 [ 0.1283 
0.125
0.146. Mean 
0.14 [ 0.142 
0.14.
Calculation:
Hormal = z 0.020 z 0.829 x 7^§ = 8.4$ 
Damaged = x 0.020 x 0.829 x = 9-3$
Table XXXII. Hexosamine content of normal and rubratoxin damaged cell 
wall of.A. niger: (Result from three experiments)
* fo  hexosamine in normal cell wall %  hexosamine in damaged cell wall
8.12 9.03
8.40 9.30
8.65 9-55
Mean 8.39 9.29
St. dev. 0.27 0.26
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Table XXXVI. Determination of the protein content of wall material of
'A. niger in the presence (l5ng/ml) and absence of
rubratoxin B by Lowry method
Number of 
Experiment Normal Damaged
1
2
3
4
5
6
7
8 
9-
10
11
Range
Mean
St. dev.
9.36
9.7
10.9
14.0
10.5
15.6
10.9
15.0 
10.5 
10.2
9.6
9-55 - 14 
11 .12 
1.65
7.52
7.6 
7.75 ‘
11 . 6
8.7 .
11.2
7.5
10.5
8.9
8.0
7.1
7.1 -  11.6  
8.74
1.55
These results are different at P>0.01, P <0.001 when tested 
by student T test.
Table XXXVII. Determination of the protein content of wall material 
- A. niger by different methods
Dumber of Percentage protein content
Method Determination Normal 
Mean St. dev.
Damaged 
Mean St. dev.
Lowry 11 11.12 1.65 8.74 1.55
Biuret 2 i
t>00cr» 7.87
Kjeldahl* 3 8.84 0.88 7.04 0.90
Amino acids 
Analysis 6 6.09 1.66 3.73 1.05-
* Corrected for hexosamine nitrogen
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Table XXXIX. The ratio of amino acids -of the cell wall of A. niger
Amino
Acids
Normal/
Damaged
Normal/
Damaged
Normal/
Damaged
Normal/
Damaged
Normal/
Damaged
Normal/
Damaged
Asp 1 .07 2.12 1.24 1 .07 1.41 5*59
Thr 1.81 1.38 . 1.8 1.73 - 1.03 2.25
Ser 1.85 1.5 1.71 1.29 0.89 2.13
Gin 2.1 2.01 1.04 1.05 1.47 5.09
Pro 5.62 1.63 2.03 1.13 0.94 5.72
Gly 1.81 2 1 .57 1,18 0.94 2.29
Ala 1.75 1.91 1.36 1.65 1.14 2.49 .
Val 1.66 1.91 0.95 1 .53 1.59 . 8.72
Met 1.11 1.46 1.21 0.07 + +
Iso leu 3.07 1.55 1.24 1.74 1.2 2.29
Leu ,2*4 2 1.10 0.86 1.29 2.87
Tyr 5-5 1.67 4.1 . 3 -47 1.17 2.79
Phen 2.22 0.92 1.67 1.05 0.9.6 1.45
His 3-24 1.11 2.61 ' 1.53 1.26 2.42
Lys 0.28 1.83 1.58 0.11 1.55 . 1.08
Arg 2.97 2.51 1.13 1.05 1.5 2.62
Cys 1.08 2.36
Total 2.22 1.59 1.58- 1.15 1 .22 2.75
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4.3. DISCUSSION
The wall composition of fungi can vary with changes in growth 
condition and culture age (Katz and Rosenberger, 1970). Newly synthesized 
portions of wall are smooth and thin, in the older region, the primary wall 
is covered with secondary layers which are composed.of amorphous matrix 
material, and the fibrillar texture of the innermost wall layer becomes 
more pronounced (Farkas, 1979). Chemical methods for isolation of cell 
wall may remove wall constituents. Urea, NH^OH, and formic acid may be 
used for washing cell wall preparations after disruption (Mitchell and 
Taylor/■1969). When these solutions are used, the cell wall fragments must 
be washed rapidly with water after each treatment, because these treatments 
could cause hydrolysis of very weakly bound components of cell wall. The 
nature of the final cell wall material will vary according to the treatment 
which has been used in its preparation. Thus, isolated wall preparations 
cannot sensibly be equated with the functional wall of the whole organism 
(Crook and Johnston, 1962).
The first problem associated with cell wall analysis is to obtain
the wall free from cytoplasmic and intracellular contamination, and all
disruption and washing procedures should be performed at low temperature to
minimize any degradation by hydrolytic and other enzymes.
*
The differences in morphology of A. niger in the presence of 
rubratoxin B are reflected by some changes in the composition of cell wall 
material, although these changes are relatively small as far as gross 
composition is concerned. About 85% of the dry Weight of A. niger hyphal 
wall was accounted for by carbohydrates, lipid, protein, and hexosamines.
The part of cell wall unaccounted for may be partly due to phosphorous, 
Acetyl, nucleic acid, and ash and partly due to experimental error.
Vigorous acid hydrolysis of cell wall may result in the degradation 
of hexosamines. The same result was reported by Moreno et al., (1969) and 
Applegarth and Bozoian (1967). Katz and Rosenberger (1970) reported that 
the use of 3M HC1 for hydrolysis of cell wall material gave higher recoveries 
of amino, sugars than the 6M HC1 treatment.
Table XXXV shows the largest change in the composition of A. niger 
cell wall in the presence of rubratoxin B was the protein content of the 
wall,, which decreased from 11.12% in healthy mycelial walls to 8.74% in' 
damaged walls. Previous analysis of wall material of A. niger have given 
much lower values of protein varying from 2.5% (Johnston, 1965)^ to 1.15% 
(Mitchell and Taylor, 1969). The higher values which were obtained in 
this study may indicate that there is a genuine difference between strains 
of the same species or they may reflect differences in methodology. ' That 
strain differences do occur, has been shown by the analysis of wall material 
from A. nidulans and a mutant strain which gave values of 5 and 8% protein 
Respectively (Bull, 1970). In another experiment on two mutants of 
A. nidulans by Katz and Rosenberger (1970), the protein content of cell 
walls was found to be 10 - 10.7% and a species of Aspergillus was reported 
to have 8.3% protein in its wall material (Ruiz-Herrera, 1967). Unger and 
Hayes (1975) collected together the values for the hyphal wall composition' 
of a number of Penicillium species which varied from 1.3% for P . italicum
to 9.7% for P. roqueforti. Their own value for P . rubrum was 7.2%. The
cell wall material used in the present study was prepared by growing the
A. niger for 3 days and washing with M-sucrose, 0.1M NaCl solutions and
water. Mitchell and Taylor (1969) grew the A. niger for three weeks and 
used 8M-Urea,' M-NH^OH, water and 5% formic acid for washing the cell wall 
material.
o
The figures given in Table XXXVI for protein content of cell wall 
material give some indication of the variability of the resuits but a 
paired t-test showed that the differences observed in the protein content 
of material from normal and from rubratoxin treated mycelium is significant 
with a probability greater than 99.9%.
The amino acid composition of the protein of A. niger cell wall 
shows a number of significant changes when the mould is grown in the presence 
of rubratoxin B. The amount of all amino acids is reduced in the damaged 
cell wall, except for a significant increase observed in the content of 
lysine and methionine in some experiments. The cell wall protein of damaged 
A. niger showed a greater reduction in the basic amino acids than acidic 
amino acids and a significant•amount of the basic amino acids was detected 
from culture filtrates of damaged mould (Chapter V ) .
The percentage of different amino acids in total protein of wall
(Table XXXX) shows a significant increase in lysine and methionine and a 
decrease in histidine in the presence of rubratoxin B. Total acidic amino 
acids in cell wall of A. niger are about 13% of total wall protein while 
the amount of basic amino acids are more than 25% of total wall protein- 
(Table XXXX). There are dramatic differences between the wall protein 
composition of A. niger which is relatively sensitive to rubratoxin B and 
Penicillium rubrum, the species which produces the rubratoxins and it is 
relatively insensitive to the toxin. The cell wall protein of A . niger 
is dominated by the basic amino acids, whereas in P . rubrum (Unger and 
Hayes, 1975) shows a predominance of acidic amino acids (glutamic acid, 
Aspartic acid). Rubratoxin B is an anhydride with acidic properties and 
it is conceivable that it would be secreted through the wall of P. rubrum 
but interact with that of A. niger.
It is necessary to mention that, the method and growth condition 
was the same in preparation of cell wall material in all experiments except 
that the age of spores which were used for inoculation of the media. All 
results which have been obtained for the determination of protein and 
amino acids in wall material of A. niger by a range of different methods, 
indicate that rubratoxin B interferes with protein synthesis associated 
with the cell wall of this mould. However, although the total quantity 
of protein is reduced by the action of rubratoxin B, there is not a 
significant change in the composition of amino acids in cell wall protein 
in the presence of this toxin (Table XXXX). This conclusion is borne out 
by a study of the Student's t-test on a number of analyses.
• As the results of amino acid analysis shows, there are some unknown 
peaks in the chromatograms (Fig. 62, 64). A marked peak before the 
Aspartic acid peak, which would be expected to be acidic material and two 
unknown peaks between Phenylalanine-Histidine and Histidine-Lysine. These 
'two peaks might be degradation products of hexosamine hydrolysis. A 
similar artifact has been detected on paper chromatograms from fungal wall 
hydrolysates which contain amino sugars. (Applegarth and Bozoian, 1967; 
Ruiz-Herrera, 1967).
As the fungal hypha is a polarised structure and is going to have 
a variable composition along its length, the analysis of the cell wall 
material must be considered as a gross analysis of a heterogenous material.
Any factors affecting morphology and development are likely to influence 
the gross composition of material isolated from whole cultures. Thus, 
for example,, the relative number of growing tips to mature mycelium will 
be one aspect of hyphal morphology which might be expected to influence 
wall composition.
It should be noted that the formation of the cell wall is not an 
isolated process, it is the result of metabolic activity of the whole 
cell.
CHAPTER V
EFFECT OF DIFFERENT CULTURE MEDIA ON METABOLIC 
ACTIVITY OF ASPERGILLUS NIGER IN THE 
PRESENCE AND ABSENCE OF RUBRATOXIN B
5. EFFECT OF DIFFERENT CULTURE MEDIA ON METABOLIC
ACTIVITY OF A. NIGER IN THE PRESENCE 
AND ABSENCE OF RUBRATOXIN B
The development of moulds and their metabolic activities are 
affected by the nutritional and environmental conditions under which they 
grow. The utilization of glucose and production of organic acids, 
secondary metabolites, and enzyme production has been reported to be 
affected by different conditions of growth (Carter and Bull, 1969). It 
is possible to study the influence of specific environmental changes on 
' the chemical composition and the metabolic activity of fungi under 
conditions where the physical and chemical environment is rigidly 
controlled. The capacity to control the metabolic activities of the cell 
by adjusting the growth conditions is of fundamental importance in 
industrial mycology. In any fermentation, a close relationship exists 
between the environment of the organism and the nature of its metabolic 
processes, thus most industrial uses of fungi involve the manipulation of 
the physiology of the organism in order to stimulate production of the 
maximum amount of primary or secondary metabolite or enzymes (Berry, 1975)
The nature and quantity of the common nutrients in a growth
medium, play an important role in controlling the physiology of the cell.
«
The importance of nitrogen in the nutrition of fungi has been fully 
realized. It .has been shown that conidiation can be induced by nitrogen 
limitation in A. niger (Galbraith and Smith, 1969). It is well known that 
different sources of. nitrogen are not utilized equally well by all fungi. 
For example, pathogenic fungi utilize organic nitrogen better than 
inorganic nitrogen and certain amino acids support more growth than others 
It is thus evident that the structure of these compounds plays a key role 
in metabolism (Agnihotri and Vaartaja, 1967). Aspergillus species can 
utilize a wide range of organic compounds as sources of carbon and energy 
for growth. For some species of fungi, carbon source utilization by 
wild-type strains is little affected by the nature of the nitrogen source, 
though certain mutants in carbohydrate metabolism differ in their growth 
on nitrate or ammonia (Hankinson and Cove, 1974). Much data has been 
accumulated on the variation'in chemical composition of an organism which 
occurs when specific changes in its environment are made. In the present 
study, the metabolic activity of A. niger, and extracellular products
form in the presence of rubratoxin B, were examined in Vogel's and 
C-D medium with different concentrations of nitrogen and carbon sources.
5.2. MATERIALS AND METHODS
5.2.1. MATERIALS
a. Culture maintenance and media
'Strain of A. niger was grown in following media:
I. C-D medium.
II. C-D medium plus ammonium nitrate (2 g) instead of sodium nitrate 
' (2 g) .
III. Vogel's medium.
IV. Vogel's medium plus 3% glucose.
V. Vogel's medium plus 3% sucrose (instead of glucose).
b. Determination of total nitrogen in mycelium and culture medium by 
micro Kjeldahl method
Reagents: Sulphuric acid (cone); Sulphuric acid (N/100); Sodium
hydroxide (40% w/v); Ammonium Sulphate solution (1 mg nitrogen/ml 
in water); and boric acid - indicator-(this reagent was prepared 
by mixing 1 ml of a solution containing 0.8 mg methyl red and 0.2 mg 
methylene blue per 100 ml ethanol, with 100 ml of 1% boric acid). 
Kjeldahl catalyst tablet (Selenium): Each tablet contains one gram 
Na2S0^ and the equivalent of 0.05 gram of Selenium.
c. Determination of protein in mycelium and culture medium by Lowry method
Reagent: For determination of protein in mycelium described in
Chapter IV.
Reagent: For determination of protein in culture filtrate.
I. Na2C03 *2% w/v) in °*1N Na0H*
II. Cu SO^ 5 ^ 0  (0.5% w/v) dissolved in 1% sodium potassium tartrate.
III. Alkaline Copper solution: Mix 50 ml of reagent I with 1 ml-
of reagent II (discard after one day).
IV. Folin-Ciocalteu reagent, described in Chapter IV.
Determination of amino nitrogen in culture medium
The method of Moore and Stein (1948) was used for determination of 
amino acids nitrogen in culture filtrate.
Ninhydrin Reagent: Described in Chapter IV.
Glycine solution was used as standard.
Amino acids determination
Free amino acids in culture filtrates were determined, using an 
auto-analyzer.
Reagent: Described in Chapter IV.
e
Glucose determination
The method of Fairbridge et al., (1951) was used for estimation of 
glucose in culture filtrate.
Reagent: Described in Chapter II.
5.2.2. METHODS 
Preparation of mycelium and culture filtrate of A. niger
Different culture media were prepared and distributed in 100 ml 
amounts in 250 ml conical flasks. The flasks were covered with caps 
of aluminium foil and autoclaved for 15 minutes at 15 lb's/sq. in. 
Glucose was autoclaved separately and added aseptically. The culture
media, with or without rubratoxin B, were inoculated with 1 ml of 
spore suspension obtained from A. niger growing on C-D agar slope.
For the. determination of total nitrogen, protein and amino acids in 
both mycelium and culture filtrate of A . niger. simultaneously, Vogel's 
medium was prepared and divided in 25 ml portions in 100 ml flasks 
and inoculated with spore suspension (2 x 10^ spore/ml) of A. niger.
All inoculated flasks were incubated on a shaker (200 rpm) at 30°C 
for 4 days. The mycelium was separated by filtration, washed Several 
times with distilled water, and dried at 70°C to constant weight.
After measuring the pH, culture filtrates were kept in a refrigerator 
’for subsequent analysis of total nitrogen, protein, amino acid, 
glucose and total amino nitrogen.
b . .Determination of total nitrogen by micro Kjeldahl method
The method is based on the conversion of bound nitrogen into an 
ammonium salt when the sample is heated with concentrated sulphuric 
acid in the presence of a catalyst. Duplicate samples of 20 mg cell 
wall or 0.5 ml of culture filtrate were added into micro-Kjeldahl 
flasks (Galenkamp, England), followed by 3 ml concentrated sulphuric 
acid and one tablet of Kjeldahl catalyst (British Drug Houses, England).
ft
The flasks were heated for about 3 hours (depending on the material) 
until the liquid was quite colourless. The digested solutions were 
allowed to cool to room temperature, and then diluted to 25 ml with 
distilled water. Portions (5 - 10 ml) of this solution were 
transferred to a Markham Still (Galenkamp, England). The delivery . 
tube of the apparatus was arranged below the surface of 5 ml of 
Boric acid-indicator solution in a 100 ml conical flask. Sodium 
hydroxide solution (10 ml) was added and the reaction mixture steam 
distilled for 5 minutes. The contents of the conical flask were 
titrated with N/100 sulphuric acid. Ammonium sulphate solution was 
used as control.
Calculation: Each ml of SO^-N/100 = 0.14 mg N.
The nitrogen concentration in each sample was then calculated as follows:
A = B x 0.14 x C
A, is the nitrogen concentration (mg/ml), B, is the volume (ml) 
of N/100 SO^ used for titration and C, is the dilution factor.
Determination of protein in mycelium and culture filtrate by 
Lowry method
A suspension from finely ground mycelium in water was prepared'and 
the amount of total protein was measured using the procedure described 
for total protein in cell wall by Lowry method in Chapter IV. Culture 
filtrates (0.6 ml) were pipetted into test tubes and reagent III 
(3 ml) was added and allowed to stand for 10 minutes. Reagent IV 
(0.3 ml) was rapidly added and mixed immediately. After standing for 
30 minutes to allow full colour development, the optical densities of 
samples and standards were measured at 750 nm using a Unicam SP 600 
and a reagent blank.
Determination of amino nitrogen in culture filtrate
One ml of each culture filtrate of A. niger was pipetted into a test 
tube with 2 ml of ninhydrin reagent, mixed well, and heated in a
e
boiling water bath for 20 minutes. After cooling to room temperature, 
n-propanol (5 ml) was added and the absorbance of the developed colour 
was measured on Unicam SP 600 spectrophotometer at 570 nm. A reagent 
blank and standards of glycine solutions were also treated in the same 
way. The amount of amino nitrogen was calculated from a standard 
curve. Standard solution was prepared by dissolving 5.358 g of 
glycine in 100 ml of distilled water. This solution contains 1000 mg% 
of amino nitrogen and further dilutions were made to obtain 0.2, 0.4, 
0.6, 0.8 and 1 mg nitrogen/ml.
Determination of free amino acids in culture filtrate
To 5 ml of culture filtrate was added 20 mg of sulphosalicilic acid 
and mixed well, centrifuged and one ml of supernatant solution was
used without further treatment for the determination of individual 
amino acids using the amino^ acid analyzer and procedures described 
.for cell wall amino acid determination in Chapter IV.
f. Glucose determination
Estimation of glucose in culture filtrate described in Chapter’ II.
5.3. RESULTS
The strain of A. niger used in this study, when grown in shake 
flasks in Czapek-Dox or Vogel's media did not produce any pigments during 
the period of incubation normally used. However, in the presence of 
15 yg rubratoxin B/ml, the culture medium became yellow after 30 hours 
incubation. The pellets of A. niger in the presence of toxin were smaller 
than those grown without rubratoxin B (Table LIII in Chapter VI) and the 
colour of the pellets as well as the culture medium was yellow (Table XLV) - 
This mould in Vogel1s and Czapek-Dox medium in the presence of rubratoxin B 
liberated a 'significant amount of protein and free amino acids into the . 
medium and the amount of these substances depended on the incubation period 
(Table XLI). The concentration of protein and amino acids in culture 
media increased with the age of culture. The amount of protein in Czapek- 
Dox medium in the presence (15 yg/ml) and absence of rubratoxin B is much  ^
higher than in Vogel's medium, while the concentration of free amino acids 
in Vogel's medium is higher than in Czapek-Dox medium. In all cases, the. 
concentrations of both protein and amino acids in culture media containing 
toxin are higher than in normal culture media. The addition of 
rubratoxin B (15 yg/ml) to C-D increased the amount of free amino acid 
nitrogen liberated into the medium 2h fold whereas when added to Vogel's 
medium, the increase was 4 fold. (Table XLIV).
Carbon and nitrogen are essential for the growth of microorganisms 
and the ability of fungi to utilize'different carbon and nitrogen sources 
varies, from species to species. The growth of any one species of fungus 
is affected by different nitrogen sources (Agnihotri and Vaartaja, 1967). 
Alanine, arginine, aspartic acid, glutamic acid, glycine, proline, or
hydroxyproline were reported to be good nitrogen sources for the growth 
A. niger and it was found that the amino acids which support the 
growth of this mould are those which are synthesized first by the fungus 
and from which the other amino acids are normally formed (Leal et al.,' 
1966). To study the effect of nitrogen and carbon sources on the growth 
and metabolic activity of A. niger in the presence, and absence of 
rubratoxin B, Vogel’s and Czapek-Dox media with different concentrations 
of nitrogen and sugars were prepared. The effect of these compounds in 
the presence and absence of rubratoxin B on the growth of A. niger are 
shown in Tables XLII and XLIII.
In a medium containing 2% NaNO^, the pH dropped from 7.25 to 
3.0 during 4 days incubation and in a medium with 2% NH^NO^, the pH 
changed from 7.15 to 2.5 in the same time. Ammonium nitrate (2%) gave a 
slightly increased yield in dry weight of mycelium in both the absence 
and presence of rubratoxin (Table XLII). Agnihotri and Vaartaja (1967) 
reported that sodium nitrate was a poor source of nitrogen for the growth 
of three species of Pythium, while the ammonium nitrate was a favourable 
source of nitrogen for these fungi, except for the Pythium irregulare 
for which NaNO^ was more effective for growth than ammonium nitrate.
Increased concentrations of sugar in Vogel1s medium caused little
ft
increase in dry weight of mycelium in normal culture while there was a 
small decrease in the mycelium of rubratoxin B treated cultures (Table 
XLIII). However, the amount of liberated protein and amino acids in 
normal culture medixmi increased with an increase in the concentration of 
sugar. (Table XLIV). In Vogel's medium with 1% glucose, there are 
significant differences in the amount of protein and amino acids 1:'. 
liberated in medium in the presence of rubratoxin B, when compared with 
normal cultures, but these differences decreased in Vogel's medium with 
3% glucose. Table XLIV shows the effect of rubratoxin on the yield of 
mycelium and the utilization of glucose in Vogel's medium. It can be 
seen that rubratoxin had a more pronounced effect on glucose utilization 
when the medium contained 3% glucose.
The amount of total nitrogen and protein in mycelium of A. niger 
in the presence of rubratoxin B is much less than in normal mycelium, 
while the concentration.of these substances in culture filtrates of
rubratoxin treated A. niger is higher than normal culture filtrates 
(Table XLVj. The amino acids which were detected in culture filtrates 
of this mould in the presence of rubratoxin B were very similar to those
obtained from an autolysate of A. phde-nicis (A. niger group) by Emiliani
and Davie (1962). In normal medium, only a small amount of glutamine 
and traces of serine, glutamic acid, glycine and alanine were detected.
The rubratoxin treated culture medium contained different amounts of 
18 amino acids. The only acidic amino acid was glutamic acid. Aspartic
acid and Tryptophan, which were reported in autolysate of A. niger
(Emiliani and Davie, 1962), were not found in culture filtrates of •
A. niger in the present study. The concentration of glutamine in culture 
filtrate was higher than that of the other amino acids. The quantities of 
basic amino acids which were found in culture filtrates of rubratoxin 
treated A. niger were much higher than acidic amino acids. Arginine,
Lysine and Histidine were found in particularly large quantities (Fig. 65).
Table^'XLI. Protein and free amino acids liberated into the medium by
A. niger in the presence and absence of rubratoxin B 
grown at 30°C on a shaker (200 rpm)
Medium Protein (yg/ml) Free amino acid 
nitrogen (yg/ml)
2 days 4 days 4 days.
Czapek-Dox - 183.4 1027 104
Czapek-Dox + (15 yg/ml) 
Rubratoxin B
345 1449 267
Vogel1s 80.6 81.3 124.5
Vogel’s + (15 yg/ml) 
Rubratoxin B
153.8 271 532.2
The figures given here are the Means of three different experiments
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Fig. 65. Free amino acids liberated into the medium by A. niger
in the presence and absence of Rubratoxin B
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5.4. DISCUSSION
In order to obtain information relating biochemical activity ' 
and morphological development, the differences in the metabolism of 
normal A. niger and the mould in the presence of rubratoxin B were 
studied using both mycelium and culture filtrates. Although the rate 
of metabolism of glucose does not seem to be affected by 15 yg/ml 
rubratoxin B (Tables XXI and XXII, Chapter II) biomass production is 
much lower in the presence of this toxin than in normal media without 
rubratoxin B. In Vogel's medium containing 1% glucose and 15 yg 
rubratoxin B/ml, the yield of mycelium is reduced by more than 39% and 
yet, A. niger is able to use the glucose, but with the production of 
some metabolites liberated into the culture medium instead of biomass.
With a higher concentration of glucose (3%) the utilization is repressed 
by the presence of rubratoxin B. Vogel's medium with 3% glucose does 
not produce a marked increase in growth of A. niger, but causes changes 
in metabolic activity of the mould. The amount of glucose used by A. 
niger for production of 1 mg biomass, in Vogel's medium withl% glucose, 
in the presence of rubratoxin B is much higher than in the absence of 
this toxin and also the production of some metabolites is much higher in 
the presence of rubratoxin B. Whereas in Vogel's medium with 3% glucose, 
the amount of glucose used by A. niger for production of 1 mg biomass in
e
the absence of rubratoxin B is higher than in.the presence of this toxin 
and metabolic activity of mould increased in the absence of.rubratoxin B. 
However, 3% glucose does not have a significant effect on the biomass 
production, but causes an increase in metabolic activity of A. niger in 
the medium without rubratoxin B (Table XLIV). These results indicate that 
the utilization of glucose at higher concentration by A. niger is limited 
in the presence of rubratoxin B, and this toxin not only affected the 
biomass production but also inhibited the utilization of glucose and 
metabolic activity of A. niger.
Tables XLII, XLIII and XLIV show the effect of this toxin on 
growth of A. niger in Vogel's and Czapek-Dox medium with different 
nitrogen sources and concentration of sugars as well as changes in pH 
and liberation of protein and amino acids into the medium. The changes 
in nitrogen metabolism were, evident from the increases in the concentration 
of protein and amino acids in the culture fluid as well as changes in the 
yield of mycelium (Table XLV). The results indicate that rubratoxin B
interferes with nitrogen metabolism of A. niger.
Autolysis of A . niger gives rise to a 50% reduction in dry 
weight and during this process the simple compounds that were formed 
inside the cells, and those formed by self digestion during the autolysis 
period, are liberated into the liquid medium. The.most significant 
substances were nitrogenous compounds and glucose, polymers of glucosamine 
are not attacked (or attacked very little) during autolysis (Emiliani 
and Davie, 1962). The concentration of amino acids in the mycelium of 
A. flavus has been shown to be reduced .72% during 15 days autolysis.
(Lahoz et al., 1966). The reduction in both the dry weight and the 
concentration of amino acids in mycelium of A. niger in the presence of 
rubratoxin B may be due to autolysis of nitrogenous compounds in mould 
mycelium. The amount of basic amino acids liberated into the medium is 
more than acidic compounds while the pH of medium in the presence of 
rubratoxin B is more acidic, this indicates that some acidic compounds 
are present in the culture medium. Citric acid is the major commercial 
product made by filamentous fungi and it should be noted that A. niger 
has been used for the production of citric acid in industry since 1923 
(Berry et al., 1977). Leal et al., (1966) reported the accumulation of 
organic acids in A . nidulans and some species of fungi in a culture 
medium containing amino acids. Table XLIV shows the presence of some
o
proteinaceous compounds in culture medium of A. niger in the presence and 
absence of rubratoxin B. These proteins may have an enzymatic activity, 
in which case the results indicate that enzyme production in the presence 
of sucrose as carbon source in A. niger is much higher than that in a 
medium containing glucose as carbon source.. However, in all culture 
media, (Table XLIV) more proteins are.secreted in the presence of 
rubratoxin B (15 yg/ml) than in its absence.
Production of pigment by A. niger in a culture medium supplemented 
with certain amino acids was reported by Anderson and Smith (1973). 
Mycelium and culture medium of A. niger in the presence of rubratoxin B 
(15 yg/ml) become pigmented and this could represent another aspect of 
the unbalanced metabolism of glucose and nitrogen in the presence of this 
toxin. So rubratoxin B not only affected the growth of A. niger, but . 
also it changed the metabolic activity of this mould.
CHAPTER VI
EFFECT OF RUBRATOXIN B ON RESPIRATION 
OF ASPERGILLUS NIGER
6. EFFECT OF RUBRATOXIN B ON
RESPIRATION OF A. NIGER
The activity of microorganisms in liquid culture may be estimated 
by measuring dry weight, disappearance of substrate from culture media, 
formation of metabolic products, or by measuring the oxygen uptake by 
microorganisms. There is a correlation between the total mass of cells 
in a suspension and the amount of molecular oxygen utilized by aerobes, 
but this relationship could vary with temperature, species, strains, and 
growth phase (Mandels and Siu, 1950). These authors used manometric 
methods to .follow the growth of fungi and studied the effect of toxic 
•agents on their respiration. • There is considerable information about the 
action of fungicides on different species of fungi (Van der Kerk and Klopping, 
1952; McCallan and Miller 1957a). In some fungi, respiration of the spore 
was believed to be more sensitive than germination to fungicides, and mycelial 
respiration was generally even less sensitive (McCallan and Miller, -1957b).
In the present study, the effect of rubratoxin B on the respiration of 
mycelium of A. niger was studied using the Gilson respirometer.
6.1. MATERIALS AND METHODS 
6.1.1. MATERIALS
a) Culture maintenance and media
The A. niger was maintained on Czapek-Dox agar slopes and grown 
in Vogel's or Czapek-Dox media.
b) ' Other solutions
Glucose solution (5% w/v) sterilised by autoclaving at 15 lb/ 
sq. in. for 15 minutes.
Potassium hydroxide solution (10% w/v).
6.1.2. METHODS
a) Preparation of A. niger mycelium
A. niger was grown on Vogel1s or Czapek-Dox media with or without 
15 yg rubratoxin B/ml on a shaker (250 rpm) at 30°C for 56 hours. The 
pellets were filtered and washed several times with sterile distilled 
water.
b) Determination of respiration rates
Portions of washed pellets (400 mg wet weight) were transferred to 
the reaction flasks of a Gilson respirometer and suspended in a medium 
containing 5% glucose and the required concentration of rubratoxin B (8 ml). 
Duplicate flasks were used for each sample. The flasks were allowed to 
stand for 18 hours at room temperature before 1% KOH was added to the 
central well and they were attached to the respirometer. Once the 
respirometer had been started, the flasks were allowed to settle down for 
a further hour before respiration rates were determined over a further 
period of 4 hours. The oxygen uptake by A. - niger pellets, in the presence 
and absence of rubratoxin B, was measured at a temperature of 30°C.
o
6.2. RESULTS
The utilization of oxygen results in a release of carbon-dioxide, 
so respiration can be measured by the amount of oxygen uptake, while the 
carbon dioxide is absorbed in alkali. In the presence of alkali, carbon 
dioxide pressure in the atmosphere of the flask is zero within the limits 
of measurement. The Gilson respirometer is a convenient piece of 
equipment for this purpose. Using this respirometer, it has been shown that 
the respiration rates of young healthy and damaged mycelium of A. niger, 
using glucose as substrate, are repressed by rubratoxin B. A concentration 
dependent effect of rubratoxin B on the respiration of healthy mycelium is 
shown in Fig. 74. The inhibition of respiration was not dramatic; thus, 
in the presence of 100 yg/ml of toxin, only 25% reduction in respiration 
was observed.
Several comparisons were made of the effect of 'rubratoxin B on 
damaged and undamaged mycelium of A. niger (Fig. 75). Although the 
differences are small, in all cases the oxygen uptake by healthy or damaged 
mycelium in the absence of rubratoxin B is higher than in the presence of 
this toxin. Damaged mycelium in 5% glucose without rubratoxin B seems to 
have a higher rate of respiration than healthy mycelium in the same 
substrate, but even the respiration of damaged mycelium was repressed by 
the presence of this toxin. Vogel's or Czapek-Dox media were used for 
growing the mould and the conditions of growth were the same in all 
experiments. The results are summarized in Tables XLVI, XLVII, XLVIII, 
showing that the presence of 15 yg rubratoxin B/ml in the respirometer 
flasks causes only a 6 - 10% decrease in oxygen uptake by A. niger pellets 
grown in Vogel1s medium, whereas the production of biomass in the same 
medium in the presence of the same amount of toxin decreased more than 45% 
(Tables XIX, XX, Chapter II). Tables XLIX - LII show a similar comparison 
of the respiration of healthy and damaged mycelium of A. niger in the 
presence of rubratoxin B. The pellets which had previously.been grown in 
the presence of toxin (damaged) appear to have a higher rate of respiration 
than healthy mycelium, but in all cases, the presence of toxin in the 
respirometer flasks caused a decrease in respiration of both healthy and 
damaged pellets. Pellet size may influence the rate of respiration.
Because damaged pellets are very much smaller than normal, 400 mg of 
damaged material contains more pellets than 400 mg of normal mycelium. The 
mean and St. dev of diameters of pellets grown for 56 hours in shake flasks 
containing Vogel's medium in the absence of rubratoxin B and in the presence 
.of 15 and 100 yg/ml are shown in Table LIII (these results being based on 
30 measurements).
All results indicate that the rate of respiration decreased in the 
presence of rubratoxin B, but as Tables XLVII, XLVIII show, rubratoxin B 
with .100 yg/ml did not inhibit the respiratory activity of healthy pellets 
A. niger more than 30%, whereas growth from a spore inoculum was 
inhibited by as much as 87% by the same concentration of toxin (Table XVIII, 
Chapter II).
u
0
03
• H
G
>1XI
0
X
G
4-3
ft
- c
Q)
tr>
> t
X
O
H
3
X
, Q
td
Eh
' d
0 )
u
u
0 )
14-1
m
G
to
u
- P
W
- P
0 )
0
ft
* 0
0
x:
03
to
£
u >
s
oo
CQ
G
•r4
X
O
4->
t0
u
3
54
4-3
G
o
x
+J
•H
54
o
x:
4-3
• H
•r4
* d
0
e
a )
03
o>
c
• H
g
s
o
u
03
P
CD'
tn
• H
G
W
G
• H
X
O
4->
rO
54
■ * §
g :
144
o
4-3
G
O
o
s
G
• d
03
54
• H
0
0 1 
a)
p
a)
03
o
o
GrH
O '
in
rH
o
54
4->
G
0
U
0 )
03
O
U
0
r-4
03
Lf3
X
4-3
•rl
£
03
. X
03
fO
i-4
44
54
Q)
4->
0 )
6
O
54
•iH
a
03
0 )
54
O
4-3
G
• H
4-3
G
a)
6
•« 4
54
03
ft
X
w
r H
EG \0 m
03>1 o> GX G *H
0 X
in o
r H 1— 4-1G GP43G54
G
rHE\0 CQ
03>1 03 GX G ■H
0 XO 0
rH in 4-3G G
54XIG
54
G
0
03
> i
X
O
G
iH
E
\
0 m
03>i 03 GX G •H
0 X
O o
rH o -pG CN °Gt.HXIGP
rH
o
54
4-3
G
O
U
G
• H
0
E
• H
Eh .
03
0
- P
G
G
• HE
0 3
ro
ID
i-4
in
C N ro
CN
■'tf
id in 
in' id
o o
r -
id Ov
03 O  r - i  
r-4 r-4
in
03
ro
ID
r4
00
CN
0 3
ro
ro 03
uo ID
03
r -
ID o O
03 r-4 CN
i—I r4
oo
CN
r -4
C N
CN
O
oo
CN 03 r-4
U O
03
VD
CO r-'
03
co
O
oo
r-4
CN
CO
CN
in
o
in
in
ID
r -4
P-
O
0 3
m
00 i-4 cn
o  <N CO
1-4 i-4 r-4
O
ro
O
ID
O
0 3
o o
cn in
r -4  i - 4
o
00
r-4 CN
O O 
-3* r-~
CN CN
O
O
ro
0
4-3
0
54
G
G
0
S
CO
i-4
o
i-4
c)P
C O
0 3
0 3
00
r -4
0
. X
G
4-3
ft
G
G
0
03
> i
X
0
1)4
o
G  
0  
•«4  
4-> O•H o
XI ro 
• H
x: 54
G  0  
• H  4-3 
H 4
o \° G
G
0
Cn
> i Cn
X P
0
O1—1 i—l
P.
• H
E
\
m
c
• H
X
o
4-1
fd
U43
3
U
o
in
co VS CN VS vs O r - "d*i—l CN 'd' in t- ' cn i—i 
i—l
CN
i—i
■d1
i—1
G
rH
0 CQ
Cn
>i Cn G
X P •H
o X
in 0
rH CN +J
P fd
u
43
3
U
AS
’d '
rH oco <TiCO •d*in isis "d1CO OfCPi C NI—1 COC N
G
0
&
>1
o
rH
p
dv
P
8
rH
• eCQ
c
•H
X
O+J
fd
43
D
VS
CN
ro
co
in
• d 1
•d*
O
vs
in
in
r -
vs
co
o
cn
C N
c
0
Cn
> i
X
O
r H
o
u
+ j
G
O
U
G
•H
d )
E
•rH
E-<
W
0
4->
3
G
•H
E
co
C N
■d*
-d*
in
in
in
in  in
O
in
CN
r ^ - cn
cn in  
O  c n
rH rH
C N
■d*
0
+ J
fd
u
0 0 0 0 0 0 - 0  0 0  m i s c y > c N i n c o r H ,d, r'* 
i H  i H  r H  C N  C N  C N
W *H 
G E 
fd \  
0 iH
a p
pq
0
Td •H
0 Hi
5-1 o
5-1 ft
0 cd
ft 5H
CQ ft
. 0 pd
0 5H
0
-P ft
O
cq
-p ft
0 0rH pdi—I o
0 a
ft 0
Td Td
0 0
ft 5H
CQ •rH
cd Pd
£
tiD 0
a
+■o
o - • 0
cq
•V o
PP o
pd
0 —1
•rH ‘W>
HI
O
-P un
0
0 0
ft o
pd
0 ✓-N1-1ft o
pd 0
O ft
ft 0ft o
•H o
£ —'
5-1 0
O CQ
o
ft oft pd
•H i—i
£ tip
g
un
0 •H
0 Td ft
t»c 0 ft
•rH a •H
0 £
CQ
• — CQ
i—1 f t
0 CQ
r*5 tlD 0
ft O i—1
> ft✓-V
1—1 0 0
iL •rH' 0S_X f t
0 0
0 £ ao o
0 5H
-P tiD •rH
f t ft
Pd 0 CQ
0 0
a • ttf 0
. 0 •H
tjD 0 o
>5 f t
HI • 0
O < •H
M
M
M
■ 5
txj
rO
0
EH
i—i
a
0
0
pq
tto •0
zL •H
HI HI
O un O—^ ft
i—1 0
zL 0
ft
0
5H
0
0
tip
MO
i—I
n
Zi.
un
CN
i—i
S
PP
0
•H
XOft
cd
0ft
3
0
O  tA K\ (D (O tf\ C?i O'
m  vo in- oo
O  ■ VD C\J VO CO vo VO
r- CM in VO c- CO
VO
■rf-
C<n
0
rH
a
pq
0 tiD
tlO zL 0
t>5 •rH
HI HI
O O 0 O
O ft
i—1 rH 0
=L 0
ft
0
0
LT\
K\
00 to Ol 00 A  W  O
c\i n  ^  in vo . vo
0
CD
w>
>s
HI
o
o
0
-p
0
o
o
0•H
CD
a•H
EH
cq
0
-p
pd
0•H
a
cn
'nI-
CM CM O  Lf\ CM VO LO
r<n un vo m- ao cn
O
o o o o o
c<n vo cn cm un
O
00
CM
0ft
0
0 0
0
0
•rH
a
0 rHs =L
a<1) 
i—I
ft
cd
EH
0 0ra w
o ft
o 0
0i—1 Td
tiD 0
0
\Rm 0
o
0 0•H 0
V)
0 0
0 0
fctC ft
•H
0 0
ft• ft
0>5 •H
f t
__ §
1—1 •H
=L TdN- X 0
a0
ft Pft
0 1
f t oft
0 •0•H
0
0 •0
tiD &
>5 OM 0
O 05
M
-P
0
o>
a
•rH
0
0
PI
X
W
pq
0
•rH
M
Oft
0
0ft
0
0
a ft 3 a•H
i—I tiD 
0  zL 
O
>3 LT\a t-
Td
0
tiD
0a
0Td
tiDao
o
■"d-
0
O
r*S
a
►>s
ft
-p
i—i 
0 
0 
ft
tiD
a
oo
■rl-
fiD
z±
i—I
a
pq
0
•H
MOft
0
0
ft
0
0
0
O
•Hft
•rH
Td
Td
0
o
ft
tiD
0.
LTv
+
i—I
a
pq
0•H
O ft 
0 
0 
ft 
0 . 
0
0
O
•Hft
•H
Td
Td
0
o
ft
0
•H
0
a
•rH
EH
ra
0ft
§
a
LT\ cn 
cn in CO
tn cm
cn • -r-
CM
cn
o cn c—vo cr\ CMO CMcn in
in  in  m
O cn
CM
cn
cn m n- cd
m
cn
CM
■rh
Cn m
TH Tf- •sj-
cnft' C'— CM 
C- CO O
O
o o o 
cn vd cn
o
CM
0ft
'00 0O o o •rH
m CO T— 0 a
CM 00
S
i— i 
zL
CM
VO
CM
C-
in
tJ-
O
D-
in
cn
'S
o
6 
CM •
0
ft
0ft
ft
0
0
0
tiD
> 3
Ho ra 
0
f t - f t
° §
H
a
o
CM
0 
0 
ft 
ft
'SR 0
0 
cq 
o 
o 
0 i—i
tiD
m
0
•H
0
0
tid•H
0
r*Sft
0 
ft 
0 
, ft 
ft 
0
0
0
tiD
>5
X
O
0
rH
ft
0
EH
PP
0
•H
X
O-P
0
0
ft
0
0
ft
O
0
o
0
0
cq
ft
0
n0
0
0
0o
0
0CQ
0
0ft
0
ftft
0
• H  •
•H-
Td
0
a
pi.i
o
0
•H
0
£
O
0
03
H
-P
0
0
a
•H
0
0
P-
X
pq
0
•H
X
o tiD
ft zL
0
0 ln
ft t—
0
0 +
+
3  rH
0 a
•H
i—1 tiD
0 ft
o
>s LT\
a «<-
Td
0
tiD
0 0a O
0 •H
Td ft
•H
tiD Td
a Td
0oo o
tC- £0
I—I
a
pq
0
*H
x-
oft
0
0
ft
0
0
K\
00
00 OLT\ co cn n- o t- mcm. -rf- co
o
CM
[>
m
c- O  
cn vo
cn
oo
CM
•H
r—I 
0 
O
&
ft? -P 
i—I 
0 
0 
W
tio
a
o
o
'Tf*
i—1
a
'pq'tiOft 0•rHm Xr— oft
+ 00
ft00 '
cn
m-
vo t- cn CM 00 00 CM
4  H  tn r  cm ^
0
o
•H-p
•H
Td
Td
0
o
£0
00 00 ^  CM CM cn CM
■5— ^  cn -r- »vi- vo oo
cn
o
0
•H
0
a
•H
EH
CQ
0
ft.
§
■•H
a
O  O  
cn vo
o  o  o
cn cm m
o
00
0 
ft 
• 0 
0
CM
0 a 
0\  
0 rH
S  ft
0
CQ
O
o 
0 I—1
W)
in
0•H
0
0
W•H
0
■ >5ft
I—I 
=1
0
0-P
Ph
0
0
0
tiD
Hi
O
pq
0ft
HiOft
0
0
ft
0
0
ft
O
0
O ft
0 ft
0 M
CQ
ft ft
0 0
0
Td a
0 •h
0 0
0
0 Po Hi
0
0
CQ
0
0ft
0
ftft
0
•rH
•H
Td
0
a
piii
o
.0ft
ft
ft
0ft
ft
0
EH-
rH
a
•H tiO 
ft n  
0
o o
>3 O
a t-
Td pq 
0
tUD 0 
0 ft
a Hi0 O 
Td -P 
0
tiD 0
a -§
O  0
O
ft -
pqi—i
a 0ft 
tiD Hi ft O 
ft 
O  0 
O  0 
rr ft 
0 + 0
0
O
•Hft
•H
Td
Td
0
. o0H
00
CM
CM cn D- 
^  VD 00
CM
O
Lft
in
cn
CM in  m  
cn m
cn
in
O
ft*
n -
o
3  rH
0 a
*H
f t  t?D 
0 ft 
O>5 m
a ■«-
Td pq 
0
tiD 0  
0 ft
a Hi0 O 
Td f t  
0
tiD 0
a ft 
0
O  0
o
■'3'
cn cn
vo
cn
cn
cn vo
o  CM
vo
CM
in
CM
n -
0
o
•Hft
ft
tJ
Td
0
o
£0
in  in
m  oo oo O  O  ft- GO
ft- C O  CM ft" VD
O
00
ft
ft
0
o
>5
a
ftft 
I—I 
0 
0 
w
tiD
a
o
o
ft-
A
ft 0
a ft
V  x vo vottD O • •
=L f t CM 00 c-
0 O  t— CM ft-
m  0ft
0
+ 0
ft-
vo 00
ft-
cn
vo
o
CM
in
0
o
•h
•p
•h
Td
Td
0
o
£0
m
in  H  O i in
cn m  oo
oo
m
vo
cn
vo
vo
0  cq 
•h 0
-p
0 0 
a 0
•H ’H
eh a
o  o  
cn vo
o  o  
cn cm
0 ft oft •h —
0 f t  CM0 0 ftO O O ft ft 0
m  00 t - 0 a 0 0
r -  T - CM 0 \ ft ft0 ft ft
s =t 0
pq
0
•H
XO.ft
0
0ft
0
0
ft
O
0
O
0
0 0
m W
o fto 00i—i Td
tuD 0
0
m 0o
0 0•H 0m
0 0
0 0
P.
•rH
0 0
f t• f t
0
r’S •H
ft '
I—1 •H
0 . TdV._ 0
a
0
44 «0 i
f t 'O
Pi
0 . 3’ "H
0
0 0
tiO £
£-*> O
Hi 0
O 03
.
M
H
ft
0
rH
ft
0
EH
>H
ft
0
0
a•H
0
0P
X
P3
+
i—i
£j. a
•rH hDi—1 ft.
0
O o
>3 O
a
Td
0 pqtsD
0 0
a •rH0 Hi
Td oft
tlD 0
a 0ft
o 0
o 0
f t -
0
O
•Hft
•Hft
Td
0
o
£0
CO
c^ -
in
vo
cn•
cn t - oo CM •t- cn in o cn
v- cm cn in •c - 00 O CM
tn  CM VO C\! O f- cn ft- vo o00
cm in 
cn o
e'­
en
CMm
•H
i—I 
0 
O
r’S
a
j?ft
rH
0
0
M
tiD
a
o
o
i—i
a
pq
ft. 0•H
in Hi
— Oft
+ 00ft
00
VO
cn
r -  cn
CM CM
Tt- CM 00
ft- m  vo
cn m  
c— cn
0
o
•Hft
•rl
Td
Td
0
o
Pi
cn oo cn vo cn cm oo cm
O  cm cn in ' vo oo cn -r-
0
ftvo 0ft
• P
O 0
00W)
£*5
K
0
•H
0
a•H
EH
O o o o o o O O
cn VD cn CM in 00T“* CM CM
0ft
0
0
0 a 
0 \  
0  rH
S  0-
Table LIII. The size of A. niger pellets in the presence and absence
of rubratoxin B - grown in C-D medium on A shaker 
(250 rpm) for 56 hours. (Diameter in mm)
No. Normal Damaged mycelium Damaged mycelium
mycelium + 15 R. B/ml + 15 |ig R. B/ml
1 1 .0 0.82 0.74'
2 1.02 0.44 0.60
3 0.91 0.34 0.44 .
' 4.. 1.04 0.74 0.31
5. 0.72 0.75 0.28
6 1.02 0.35 0.90
7 0.96 0.66 0.30
■ 8 0.74 0.37 0.34
9 0.80 0.47 0.29
10 1.09 0.26 0.33
11 0.72 0.57 0.43
12 0.85 0.78 0.53
13 1.09 0.86 0.94
14 0.79 0.74 • 0.72
15 1.24 1.38 0.47
16 1.13 0.64 0.61
17 1.10 0.45 0.66
18 1.46 0.42 0.76
19 1.19 0.55 0.78
20- 1.20 0.35. 0.50
21 1.09 - 0.45 0.48
22 1.20 0.67 0.25
23 1.23 0.69 0.26
24 1.40 1 .09 0.22
25 1.01 0.69 0.53
26 0.82 0.31 0.53
27 1.05 0.66 0 .46
• 28 0.93 0.38 0.47
29 • 0.88 0.32 0.40
3° 0.95 . 0.31 0.88
Range 0.72 - 1.46 0.26 - 1.38 0.22 - 0.94
Mean 1.02 0.58 0.51
'St. Dev. 0.19 0.25 0.21
Test significance of difference by. Student + test
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Fig. 74. Results from Tables XLVI, XLVII, XLVIII
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Fig. 75• Results from Table VI
# Normal mycelium
r Normal mycelium + 15 |ig Kubratoxin B/ml
■ Damaged mycelium
O Damaged mycelium■+ 15 P-g Rubratoxin B/ml
6.3. DISCUSSION
It has been demonstrated that growth may be inhibited completely 
by exposure to physical or chemical treatments that may result in either 
no effect on respiration or-only partial inhibition (Mandels and-Siu,
1950). Rubratoxin B depressed the rate of respiration of whole mycelium 
preparations of A. niger/ although the rate of metabolism of glucose in 
Vogel's medium containing 1% glucose did not seem to be affected to 
anything like the same extent and neither were inhibited as much as 
biomass formation.
it
Van der Kerk and Klopping, (1952) studied the effect of several 
fungicides on A. niger and reported that for most of them, the concentration 
needed to produce 30% inhibition of respiration, was much higher than the 
concentration needed for complete inhibition of growth. Rubratoxin B 
(15 yg/ml) caused more than 45% decrease in growth of A. niger, whereas 
the inhibition of respiration in the presence of the same amount•of toxin 
was only 6 - 10%. This indicates that the toxin has more effect on the 
metabolism of the-mould than respiration. From the foregoing, it can be 
said that neither fungicidal or fungistatic properties of a compound can 
be determined very reliably by the examination of.respiration.
Bernard and Dumas (1975) have shown that rubratoxin B will depress 
the oxygen consumption of rat liver mitochondria, although it would seem 
that the toxin does not inhibit or uncouple oxidative phosphorylation.
Hayes (197.6a) confirmed the inhibition of oxygen consumption and suggested 
a particular site along the electron transport chain at which rubratoxin 
may act.
In the present study all results indicate that the respiration of 
A. niger is repressed by rubratoxin B, although mycelium which had 
previously been grown in a medium containing rubratoxin B seemed to have 
a higher rate of respiration than the healthy mycelium. The possibility 
can not be ruled out that the increased respiration rate of rubratoxin 
treated mycelium may simply reflect the fact that such mycelium grew as 
smaller pellets and may therefore offer a larger surface area to the 
substrate in the.respirometer.
CHAPTER VII
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7. ELECTRON MICROSCOPY
The fungi are not easy material for cytological study with the 
light microscope and this method has failed to elucidate some important 
aspects of their internal structure. Chemical studies of fungal'hyphae 
reveal the complexity of hyphal wall components (Bartnicki-Garcia, 1968). 
Some information of wall structure, as revealed by electron microscopy, 
was reported by Aronson (1965).
Cytological studies on. fungal hyphae by ultra thin section and 
electron microscopy have made it possible to obtain a lot of information 
about the fine structure of fungi, including hyphal wall structure, cell 
contents and also changes occurring during their development. The fine 
structure of the conidia - bearing apparatus in A. niger was studied by 
electron microscopy by Tanaka and Yanagita (1963) and their- observations 
.indicated that the apparatus undergoes a remarkable cytological 
differentiation during the course of development. The effects of toxic 
agents on fine structure of fungi can also be studied using the electron 
microscope (Smith- and Lyon, 1977).
The methods involved in preparing fungal material for ex-amination 
by the electron microscope are basically those which have been developed 
for other biological materials, although some specimens," such as thick- 
walled spores may require special treatment. (Greenhalgh and Evans, 1971).
,7.1. MATERIALS AND METHODS
7.1.1. MATERIALS
I. Culture maintenance and media
A. niger was maintained on Czapek-Dox agar slopes and the following 
media were used for the preparation of specimens from mycelium of A. niger 
in the presence of (15 yg/ml) and absence of rubratoxin B.
Malt extract (2% w/v) plus yeast extract (0.5% w/v) solution (MEY) 
sterilised by autoclaving at 15 lb/sq. in. for 15 minutes.
Czapek-Dox medium. *
Vogel's medium.
Glucose solution (1% w/v) sterilised by autoclaving at 151b/sq. in. 
for 15 minutes.
II. Materials for preparation o f .specimen
a) Sodium cacodylate buffer solution
A solution of sodium cacodylate (0.4M pH 7.1 - 7.3)was prepared in 
water and kept in refrigerator as stock solution, and at the time of using 
further dilutions were made to obtain 0.2M and 0.1M buffer solutions.
b) Glutaraldehyde solution
25% aqueous glutaraldehyde was used. From this solution, further 
dilutions were made to obtain solutions containing 3 or 4% glutaraldehyde 
in 0.1M or 0.2M sodium cacodylate buffer.
c) Osmium tetroxide solution
This solution is very sensitive and special care should be taken to 
•clean every bottle and container used for the preparation of this solution. 
The container was washed with chromic acid for 24 hours before use, and the 
ampule containing osmium tetroxide was also washed with chromic acid.
Osmium tetroxide was prepared as a 2% solution in 0.2M sodium cacodylate 
buffer. This solution should be prepared one day before use and kept in a 
dark and cool place. It can be used until the colour of solution has 
changed:
d) Low viscosity Spurr's resin
ERL 4206 (Vinylcyclohexene dioxide) 10 g
DER 736 (Diglycidyl ether of poly propylene glycol) 6 g
NSA (Nonenylsuccinic anhydride) 26 g
S-I (Dimethylamino ethanol) 1 g
This resin mixture cures after 3 hours at 70°C and has a shelf life 
of 2 days at room temperature. Undiluted resin was prepared by weighing the
compounds by adding them all, using a fresh pipette for each reagent, into 
a single container. Further dilution was made to obtain 50% resin in 
propylene oxide.' The pure resin can be used within 2 days but diluted 
resin should be prepared at the time of use.
e) Other’ solutions
Ethanol/H^O mixture 50%, 70%, 90%, 95% and 100%.
Propylene oxide.
7.1.2. METHODS
I . Preparation of A. niger mycelium
MEY medium (50 ml) in 250 ml conical flasks was inoculated with 
1 ml of a suspension of A. niger and incubated at room temperature for 
7 days. Hyphal mats were harvested by filtration and washed several times 
with sterile distilled water and equal weights of hyphae (20 mg) were 
transferred aseptically into 20 ml of 1% glucose solution with 15 yg 
.rubratoxin B/ml or without toxin. The cultures were incubated for a 
further 3 days at room temperature, then harvested by filtration and 
washing several times with distilled water and finally with a small amount 
of cold sodium cacodylate buffer (0.1M pH 7.1 - 7.3). The washed hyphae 
were sectioned into strips 1 - 1.5 mm wide and used for the preparation of 
specimens for electron microscopy.
Vogel's and Czapek-Dox media (50 ml in 250 ml conical flasks) with 
15 yg rubratoxin B/ml or without toxin were inoculated with a spore 
suspension (1 ml) of A niger. The .cultures were incubated at 30°C on a 
shaker (250 rpm) for 3 days. The pellets were filtered and washed several 
times with distilled water and finally with a small amount of cold 0.1M 
sodium cacodylate buffer. These pellets were used for the preparation of 
specimens.
II. Preparation of specimen
Stages 1, 2 and 3 were performed at 4°C and all other stages at
room temperature unless otherwise stated.
1. The small pieces of A. niger mycelium or small pellets were 
fixed in 8 mis of 3% glutaraldehyde in.O.lM sodium cacodylate buffer for 
at least 2 hours.
2. Transferred to at least three changes of sodium cacodylate 
buffer (0.1M) in one hour.
3. Samples were fixed with 2% osmium tetroxide in 0.2M cacodylate 
buffer for 2 hours.
4. Transferred to sodium cacodylate buffer (0.1M) and washed at 
least three times with buffer during 1 hour.
5. Transferred to 50% v/v ethanol - 20 minutes.
6. Transferred to 70% v/v ethanol - 20 minutes.
7. Transferred to 90% v/v ethanol - 20 minutes.
8. ' Transferred to 95% v/v ethanol - 20 minutes.
9. Transferred to 100% v/v ethanol - 20 minutes.
10.- Transferred to 100% ethanol - overnight.
(absolute ethanol was stored over anhydrous sodium sulphate).
11. Samples were transferred into pure propylene oxide for 10
minutes and changed to fresh propylene oxide once more for a further 10
minutes.
12. Transferred into 50:50 propylene oxide and resin for 2 hours.
13. Transferred into fresh 50:50 propylene oxide and resin and
left overnight in a fume cabinet to allow the propylene oxide to evaporate.
14. Transferred into a fresh undiluted resin for 2 hours.
15. Transferred into a fresh undiluted resin in small plastic 
dishes and left to cure overnight at 70°C.
16. Samples were left at room temperature to cool before sectioning 
and staining which were kindly carried out by Mrs. Jenny Mullervy in the 
electron microscopy unit, University of Surrey.
7.2. RESULTS
The techniques used for the preparation of specimens from fungi 
are normally those developed for the study of other microorganisms. One 
important point in the study of filamentous fungi is the difficulty which 
has been found by many investigators of obtaining satisfactory fixation of 
fungal material with osmium tetroxide. Preliminary fixation of material 
is usually performed using glutaraldehyde in phosphate or sodium cacodylate 
buffer. The molarity of buffer and concentration of glutaraldehyde are both 
important for obtaining good results. Glutaraldehyde at concentrations of 
1.5 - 5% i£ usually used for primary fixation of material, the concentration 
depending on the material to be fixed. In the present study, bufferred 
vglutaraldehyde (3%) and osmium tetroxide (2%) gave good results.
The fine structure of hyphae of A. niger is shown in Figs. 66; 68a, 
b, c, 70 a, b and the effect of rubratoxin B on the internal structure of 
this mould is shown in Figs 67a, b; 69; 71a, b. As the figures show the 
hyphae of A . niger which have not been-exposed to the rubratoxin B, show 
all the. characteristics of healthy mycelium observed by previous workers 
(Smith and Lyon, 1977). By contrast, the presence of as little as 15 yg 
rubratoxin B/ml causes a widespread disorganization in the internal structure 
of hyphae. Figs. 66; 67a, b, show.the fine structure of A. niger grown in 
MEY medium for seven days and then transferred to a 1% glucose solution 
with or without (15 .yg/ml) rubratoxin B for a further 3 days. Fig. 66 
shows the normal hyphae of A. niger with a thick wall which is in contact 
with the membrane in all regions of the hyphae. In hyphae of A. niger 
treated with rubratoxin B (Fig. 67a, b) there is often a space between wall 
and membrane and some additional material can be seen in this periplasmic 
space.
A. niger grown on Vogel's or Czapek-Dox. medium also showed 
significant changes in the presence of rubratoxin B (Figs. 69; 71a, b, c).
The changes in the internal structure of hyphae in Vogel's and C-D 
medium are more dramatic than those in.hyphae grown in MEY. The wall of 
A. niger (Fig. 72) shows two different layers but in the presence of 
rubratoxin B (Fig. 73) only one layer can be seen.
In all culture media, A. niger in the presence of 15 yg rubratoxin B/ 
ml, shows changes in the cytoplasm of the hyphal tip and these alterations 
are often so severe that no internal structure can be distinguished.
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7.3. DISCUSSION
All samples examined with the electron microscope showed that the 
cells are bounded by a definite layer (cell membrane) and in the healthy 
hyphae, the cell membrane is closely pressed to the cell wall, but in the 
hyphae treated by rubratoxin B, there is often a big gap between the cell 
membrane and cell wall and some material can be seen in this region. These 
materials may be secreted by the emergence through the cell membrane of 
material from within the cell and this may be due to the effect of toxin 
on the integrity of the membrane.
The tips and growing zones of young hyphae are filled with cytoplasm 
and lack vacuoles, but in the region further back, vacuoles develop and 
increase in number with distance from the growing zone and the old hyphae 
have a large central vacuole .(Hawker, 1965). As the figures show, there 
are not many vacuoles in the hyphae of A. niger studied, and this indicates 
that the samples, if not from the hyphal tips, must at least be from the 
growing region near the tips.
The internal structure of hyphae of A. niger in Vogel's and Czapek- 
*Dox medium in the presence of rubratoxin B showed dramatic changes, whereas 
in MEY medium, these changes are less significant. This may be due to the 
method of incubation and the period for which-toxin had contact with the 
mould. The effect of paraquat on fine structure of A. niger was studied 
by Smith and Lyon (1977) who reported that the internal structure of this 
mould after exposure.to 500 mg/ml paraquat, showed small changes in the 
structure of nuclei and mitochondria. In the present study, rubratoxin B 
at a concentration of as little as 15 yg/ml caused dramatic changes in the 
internal structure of A. niger hyphae, and these changes were so severe 
that it was not possible to distinguish the organelles inside the cell.
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8. PIGMENT PRODUCTION BY A. NIGER
IN THE PRESENCE OF RUBRATOXIN B
The biosynthesis of many fungal products is not correlated with 
growth. Such products have been referred to as secondary metabolites which 
do not appear to be necessary for growth of microorganisms. These compounds 
may be produced as a result of a breakdown in the regulation of the cell's 
metabolism.
Fungi are able to produce secondary metabolites and pigments and 
they can accumulate these compounds in their mycelium or release them into 
the culture media. Jefferson (1967) suggested that the accumulation of 
special products when microorganisms metabolized under non-growing 
conditions is a common phenomenon. The formation of yellow pigments in the 
mycelium of A. niger has been observed by several different investigators. 
Flaviolin is one of the yellow pigments produced by A. niger. Astill and 
Roberts (1953) reported that when this mould was grown in an aqueous 
medium containing glucose and inorganic salts, the substrate became 
gradually yellow (between 5 - 1 1  days incubation at 29°C) but, later this 
colour changed rapidly to a red colour. This change was found to be due 
to the disappearance of glucose from the culture medium and alkalinisation 
of the substrate. Accumulation of a yellow pigment on mycelium of A. niger 
in the presence of glycerol as carbon source, was reported by Jefferson ■ 
(1967)a 'k. The:production of this pigment was accompanied by a decrease in 
the accumulation of citric and oxalic acids in cultures of A. niger. This 
yellow pigment was named asperenone and it was isolated from pigmented 
mycelium by solvent extraction. Aurasperones A, B and C are three different 
pigments produced by A. niger (Tanaka et al., 1966, 1972) Other pigments 
of this mould are: Asperxanthone (Flavasperon) isolated by Lund et al.,
(1953) and Bycroft et al., (1962), -nigragillin, which was isolated from 
culture filtrates of A. niger by Isogai et al., (1975), asperrubrol 
(Rabache et al., 1970) and aspergilQin ;,(Lund et al., 1953) .
The synthesis of metabolites and pigments is affected by different 
factors, including composition of the culture medium and conditions of 
growth'. Anderson and Smith (197ifi reported the production of a yellow 
carotenoid pigment by A. niger during conidiophore development induced by 
nitrogen limitation. These workers in 1973 reported that A. niger in the
presence of certain amino acids and tricarboxylic acid cycle intermediates 
in media containing high levels of ammonium ions produced a yellow pigment 
similar to asperyellone.
In the present study, culture medium and mycelium of A. niger in 
the presence of rubratoxin B became pigmented. These pigments could be 
isolated from, both culture medium and mycelium of this mould by solvent 
extraction.
8.1. MATERIALS AND METHODS
8.1.1. MATERIALS 
•I. Culture maintenance and media
Aspergillus niger was maintained on Czapek-Dox agar slopes and 
Vogel's medium was used for the study of pigment production by this mould
in the presence of 15 yg rubratoxin B/ml. Biological activity of pigments
was tested on different species of fungi including A. niger, A. oryzae,
A. tamarii, A. flavus, A. parasiticus, Penicillium rubrum, P. purpurogenum 
and also Bacillus subtilis. All moulds were maintained on Czapek-Dox agar 
slopes and Vogel's agar medium or Czapek-Dox agar medium were used as 
culture media for growing the fungi and nutrient agar for Bacillus subtilis.
II. Solvents for extraction of pigments and chromatography
Diethyl ether or chloroform were used for pigment extraction from 
media or A. niger mycelium.
The following solvents were used for T.L.C. chromatography:
1. Petroleum ether, ethyl acetate, acetic acid (20:30:3)
2. Chloroform, methanol, acetic acid (80: 20: 3)
3. Benzene, chloroform, ethanol, acetic acid (60: 20: 20: 1)
For column chromatography absorbents were suspended in ethyl
acetate or benzene, and the pigments were eluted sequentially with benzene, 
benzene-ethylacetate, ethylacetate and ethanol.
Ill. Chromatography
Cellulose or Silica gel 60 - 120 mesh (B.D.H.) was used for the 
preparation of columns.
Silica gel or G(Merck) (0.5 mm thickness) were used for
T .L .C . chromatography.
IV. Other solutions
• NaHCO^ 1% w/v solution
NaOH 1% w/v solution
Alcoholic ferric-chloride 1% w/v solution
Gibbs reagent: 2, 6-dichloroquinone chlorimide in ethanol.
0.4 g/100 ml ethanol.
Ethanolic Bromocresol green 0.1% w/v
Spectrophotometry was done in.absolute alcohol on a Beckman 
Model 24 spectrophotometer.
8.1.2. METHODS
Q
1. Growth of cultures for pigment production
Vogel’s medium, 100 ml in 250 ml flasks, plus 15 yg rubratoxin B/ml 
were inoculated with 1 ml of a heavy spore suspension of A. niger and 
incubated on a shaker (200 rpm) at 30°C for 4 days.
A Brunswick Laboratory fermentation (Micro Ferm Laboratory 
’ fermentor Manufactured by New Brunswick Scientific Co. INC. New Brunswick, 
N.J.) was also used for the production of pigment. In this case, Vogel's 
medium (10 litres) and the equipment were autoclaved separately and then 
the culture medium and rubratoxin B (15 yg/ml) added aseptically to the 
fermentor vessel which was inoculated with 100 ml of a heavy spore 
suspension of A. niger, heated at 30°C, agitating at 120 rpm with air 
(6,000 ml/min) for 3 .days.
A. niger pellets were separated from culture medium by filtration.
The filtrates were acidified with N H^SO^ to pH = 2 and pigments isolated 
from, culture filtrates by continuous ether extraction. The pellets were 
also acidified and their pigments extracted with diethyl ether. The ether 
extracts were evaporated and fractionated as shown in Schema b , C, D and E.
II. Chromatographic methods
Cellulose or Silica gel 60 - 120 mesh were slurried in benzene and 
poured into a (30 x 2.6 cm) column which was then washed with 50 ml pure 
•benzene. The pigments were dissolved in 4 ml of ethyl acetate and added 
onto the column, washed with a few ml benzene until the pigments were
absorbed on the column. The column was eluted with different solvents as
follows:
1. Pure benzene 100 ml - Fraction 1
95:5) 2 x 100 ml - Fractions 2, 3 
90:10) 100 ml - Fraction 4 .
80:20) 3 x 100 ml - Fractions 5, 6, 7
70:30) 4 x 100 ml - Fractions 8, 9, 10, 11
60:40) 4 x 100 ml - Fractions 12. 13. 14, 15
50:50) 3 x 100 ml - Fractions 16, 17, 18
40:60) 100 ml - Fraction 19
30:70) 100 ml - Fraction 20
10:90) 100 ml - Fractional
11. Pure ethylacetate (4 x 100 ml)- - Fractions 22, 23, 24, 25
All fractions were concentrated in rotary evaporator and examined 
by thin layer chromatography.
T.L.C. plates (0.5 mm thickness) were prepared with Silica gel 
H F 2 5 4  or Silica gel G(Merck) and activated at 100°C for one hour. A
thick band of mixed pigments was applied to each of the plates and run with
Benzene, chloroform, ethanol, acetic acid (60:20:20:1), chloroform, 
methanol, acetic acid (80:20:3) or petroleum ether, ethylacetate, acetic 
acid (20:30:3). The bands of pigment separated were scraped off and the
pigment dissolved in NaHCO^d^)/ acidified, and extracted with the
appropriate solvent. This procedure was repeated until a pure pigment was 
obtained.
2. Benzene/ethylacetate
3. Benzene/ethylacetate
4. Benzene/ethylacetate
5. Benzene/ethylacetate
6. Benzene/ethylacetate
7. Benzene/ethylacetate
©
8. Benzene/ethylacetate
9. Benzene/ethylacetate 
10. Benzene/ethylacetate
Ill. Crystallization of pigments
The pigments were dissolved in a small amount of chloroform, 
the solution covered with a layer of petroleum ether, and left at room • 
temperature for 24 hours, filtered and crystals were washed with a small 
amount of petroleum ether, dissolved in chloroform and tested for purity 
by chromatography.
IV. Chemical reactions
. . After development of pigments, a plate was sprayed with 0.1% 
bromocresol green in ethanol to test acidic properties of pigments or 
with 1% ethanolic ferric chloride to examine for phenolic compounds.
The colour of the bromocresol green was adjusted to bluish green with 
1 or 2 drops of N NaOH before use. Gibbs reagent was prepared by 
dissolving 0.4 g of 2;6-dichloroquinone chlorimide in 100 ml absolute 
ethanol. One drop of reagent with 1 drop of each pigment were applied 
on a piece of filter paper. The ability to decolourise permanganate was 
tested with one drop of pigment added to one drop of permanganate 
solution on a filter paper.
V. Bioassay
Q
The biological activity of pigments from both culture filtrates 
and mycelium was studied by a disc method in petri dishes or by a 
chromatographic method.
a) disc method
Plates of Vogel's or Czapek-Dox agar were inoculated with 
a spore suspension of each of the fungi studied and 13 mm discs, 
each with one ml of different concentrations of the pigments, were 
placed onto the surface of the seeded agar after the solvent had 
evaporated. A 13 mm disc with one ml of solvent was used as 
control. Plates were incubated at 30°C for A. niger and 25°C 
for other fungi. Antifungal activity of pigment was recorded 
within 7 days.
Nutrient agar plates inoculated with Bacillus subtilis were 
tested in the same way except that they were incubated at 37°C 
for 24 hours.
b) chromatographic method
Different fractions of pigments from culture or mycelium of 
A. niger were applied on a 0.5 mm thick Silica gel G plate and 
developed in chloroform + methanol (80:20). The plates were dried 
in a fume cabinet for 4 hours to evaporate all solvents'. Heavy 
■ . spore suspensions of fungi were prepared and mixed with equal 
volumes of warm Czapek-Dox agar medium. They were sprayed all 
over the. surface of the plates, placed in a chromatography tank 
over water to maintain a high relative humidity, and incubated 
at 30°C for A. niger or 25°C for other fungi for up to 4 days.
V I . Other methods
Visible and ultra violet spectra of different pigments were 
obtained, after dissolving known quantities of each pigment in ethanol, 
using a Beckman Model 24 spectrophotometer. Melting points were taken 
on a Kofler Block.
o
Mass spectroscopy and Infrared spectra were carried out by Mr.
J. Deldafield and Dr. G.J. Buist of the Chemistry Department.
• Elemental analysis of the pigment was determined using a Carlo 
Erlua Elemental Analyser 1106 in the microanalytical unit of the 
Chemistry Department of Surrey University.
8.2. RESULTS
The yellow pigments of A. niger produced in the presence of 
rubratoxin B (Figs. 76, 77) were not- soluble in petroleum ether or 
n-hexane, but they were found to be readily extractable with a variety 
of solvents including .diethyl.ether, chloroform and ethyl acetate. The 
best solvent was diethyl ether which extracted all pigments from acidified
culture filtrates of.A. niger after continuous extraction for 4 hours. 
Ether extracts were evaporated and gave a good yield of dark brown gum. 
Mycelial pigments were also extractable with diethyl ether and after 
evaporation of solvent gave a dark brown powder. Both culture filtrate 
and mycelial pigments were fractionated as shown in Schema B, C, D and 
E. The most parts of the mixed pigments were soluble in chloroform in 
acid fractions. Fractionation of the pigments obtained from culture 
filtrates yielded some colourless crystals which were not soluble in 
water. Chromatography of different pigment fractions in Benzene 
chloroform, ethyl acetate and acetic acid (60:20:20:1) showed the presence 
of at least 7 pigments in mycelial extracts and six in the culture 
filtrate extracts (Fig. 78). When T.L.C. plates were developed with 
petroleum ether, ethyl acetate, acetic acid (20:30:3) (Figs. 80, 81) 
more compounds were separated on chromatograms.
The compound (from fraction 1 acidic Schema E) giving a yellow 
spot with Rf 0.82 was isolated by preparative thin layer chromatography 
on 0.5 mm thick Silica gel H F 2 5 4  Plates* This compound was purified as 
a pale yellow pigment, the U.V. spectrum of which is shown in Fig. 87.
The pigments extracted from culture filtrate after acidifying 
(Fraction 1 Schema c) showed a spot with a pale orange colour. This
o
pigment was separated from the other compounds by further treatment. The 
U.V. spectrum of this pigment is shown in Fig. 86.
The ether extracts of A. niger were chromatographed on several 
types of columns to isolate the different pigments from the culture 
filtrate of this mould. Silica gel 60 - 120 mesh and eluting solvent 
(benzene, benzene-ethyl acetate, ethyl acetate and finally ethanol) gave 
the best result. The eluent gave complete recovery of yellow pigments 
'from the column. These were partially separated into several fractions 
and tested by T.L.C. using benzene, chloroform, ethanol and acetic acid 
(60:20:20:1) for purity (Fig. 79). The brown pigments remained on the 
top of the column and were eluted with absolute ethanol. The compounds 
(Fig. 79) which were obtained from column chromatography were not quite 
pure and had to be rechromatographed to obtain a pure pigment. Because 
the use of benzene was restricted in the Department of Microbiology, it 
was necessary to develop an alternative solvent system.
Petroleum ether, ethyl acetate, acetic acid (20:30:3) was found 
to be useful for the separation of some pigments (Fig. 82) but a large
amount of pigment remained at the origin on T.L.C. plates. These
pigments, which seemed to be mostly brownish in colour, were separated-
from plates, extracted (see methods) and rechromatographed using
chloroform, methanol, acetic acid (80:20:1) (Fig. 83). This figure shows
the presence of at least four different pigments. Fig. 83a is of a
chromatogram of culture filtrate pigments and Fig. 83b shows a
chromatogram of mycelial pigments. Both cultural and mycelial pigments
show a violet colour at Rf 0.63 which was separated from other pigments
•by further chromatography. The U.V. spectrum of this pigment is shown in
Fig. 84. A dark yellow pigment was isolated from this culture filtrate
chromatogram, the U.V. spectrum of which is shown in Fig. 85.
Several different but apparently closely related pigments, judging 
by their U.V. spectra, are present in small amounts in the pigment 
•extracts from both culture filtrate and pellets of A. niger. Four . 
different pigments, light orange pigment from culture filtrate fraction 1 
acidic (CF^/AC), dark yellow pigment from culture filtrate fraction 1 
acidic by chromatography in petroleum ether, ethyl acetate and acetic 
acid followed by chromatography in chloroform,, methanol, acetic acid 
(CF^/AC^)t violet pigment from culture filtrate and pellets, and a yellow
o
pigment from pellets fraction 1 acidic (PF^/AC) were eventually separated 
and examined in more detail (Table LIV). PF/AC was obtained in a good 
yield and further studies were carried out to obtain more information 
about the molecular weight and structure of this compound. This yellow 
pigment was purified by preparative T.L.C. and crystallised from 
chloroform by the addition of petroleum ether. It gave'yellow needles 
with melting point 194 - 197°C (decomposition) and its elemental analysis 
gave C = 57.44 H = 4.42 and 0 = 32.16. Some characteristics of this 
'compound are compared with other yellow pigments isolated from A. niger 
in Table LV. The visible and U.V. spectrum of PF^/AC (Fig. 87) shows X 
max at 228, 274, 320, 334, 405 (Tables LV and LVI). Mass spectrum 
(Fig. 88), Infrared spectrum (Fig. 89) and U.V. spectrum (Fig. 87) 
indicate that this compound is different from those previously isolated 
from A. niger.
The biological activity of these pigments (culture filtrate and
pellets) was examined against several species of Aspergillus and 
Penicillium. The most sensitive mould was A. tamarii growth of which 
was inhibited by 5 mg ether extract of culture filtrate/disc although 
spore germination did occur.(Table LVII). The ether extracts of culture 
filtrates were more effective against fungi than the ether extracts of 
pellets, whereas when these pigments were tested against Bacillus 
subtilis, the pellet extracts showed more activity than culture filtrate 
extracts (Table LVIII).
Figs. 90, 91, 92 and 93 show the effect of these pigments on 
•some species of fungi. The biological activity of pigments was also 
tested by T.L.C. method. The zone of growth inhibition around each 
pigment was measured and the results shown in Table LIX.
Schema B:
Fractionation of pigments from culture filtrate (A. niger)
Residue from 
Ether extract 
+
chloroform
Not soluble in chloroform
Ethyl acetate
Not soluble in
ethyl acetate
acetone
Not soluble in
acetone
Soluble in Water 
Fraction (4)
Soluble in chloroform 
Fraction (1)
Soluble in acetone 
Fraction (3)
Soluble in ethyl 
acetate 
Fraction (2)
Schema C:
Further fractionation
Not soluble
I
Fraction 1 (neutral)
Not soluble 
1
Fraction 2 (neutral)
pigments from culture filtrate (A. niger)
Fraction (1)
+
Na H CCL \fo --- --------- ----
3
Soluble
+
H^SO^ pH:2 
+
Chloroform.extraction
I
Fraction 1 (acidic)
Fraction (2)
+
Na H C0V 1 io ------ :---------
Soluble
+
H2S04 VpH:2 
+
Ethyl acetate extraction 
Fraction 2 (acidic)
Schema D:
Fractionation of pigments from pellets (A. niger)
Residue from 
Ether extracts 
+
Chloroform
Not soluble in chloroform
Ethyl acetate
Not soluble in
Ethyl acetate
acetone
Soluble in acetone
Fraction 3
Soluble in chloroform
Fraction 1
Soluble in ethyl
e
acetate 
Fraction 2
Schema E:
Further fractionation of pigments from pellets (A. niger)
■ Fraction 1 — 
+
Na H CCL 1 ^
Not' soluble Soluble in Na H CO,
Fraction 1 (neutral) H SO. pH:2 
2 4
Chloroform extraction
I
Fraction 2 (acidic)
•Fraction 2 - 
+
Na H C0„ 1 fo  
o
Not soluble
h
Fraction 2 (neutral)
Soluble
+
H2S04 pH: 2
Ethyl acetate extraction 
1
Fraction 2 (acidic)
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Table LVI. Ultra violet absorption spectra PFl/AC in ethanol
■ X Max , len I
X Max with - 
1 drop of N-NaOH
e i%lcn
£
405 170.37 7,053 411 222.2 9,200
334 70.37 2,913 disappeared - -
320 96.3 3,986 disappeared - -
274 711.11 29,440 276 696.3 28,827
228 351.85 14,566 227 292.6 12,113
203 266.7 11,040 disappeared - -
PFl/AC = Pellets, Fraction 1, acidic pigment
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Table LVIII. Effect of different concentrations of A.- niger mixed 
pigments on A. tamarii and.Bacillus subtilis
mg/disc Aspergillus tamarii Bacillus subtilis
Pigments concentration inhibition zone mm inhibition zone mm
Mixed pigments 2 30 . 18.5
from culture 1 21 15.5
filtrate 0.5 16 -
0.25 -
Mixed pellets 2 20 . 18.3
pigments 1 16 16.8
0.5 - 14.5 .
0.25 - -
Table LIX. Effect of A. niger pigments on P . rubrum by chromatography 
method. Solvent: chloroform + 20% Methanol
Pigments
Fraction
Concentration 
in each spot 
( mg )
Inhibition 
Zone m.m.
Rf value
CF1/AC 2.2 15 0.91
35 0.88
CFl/N 1.1 50 0.66
20 0.16
CF2/AC 1 . 53 0.43
CF2/N Unknown - -
PFl/AC • 1.1 15 0.43
PF1/N. 0.9 32 0.23
©
CF1/AC = culture, Fraction 1/ acidic pigments.
CFl/N = culture, Fraction 1, neutral pigments.
CF2/AC = culture. Fraction 2, acidic pigments.
CF2/N = culture, Fraction 2, neutral pigments.
PFl/AC = pellets, Fraction 1, acidic pigments.
PF1/N = pellets, Fraction 1, neutral pigments.
Fig. 76. Pigment production in shake flasks: Left + rubratoxin B
right control
Fig. 77. Pigment production in Brunswick fermentor in the presence 
of 15 yig rubratoxin sB/ml
FI FI FI FI
P/Mixed P/acidic P/neutral C/Mixed C/acidic C/neutral C/F2 acidi
0 8 O
0  o  o
Fig. 78. Thin layer chromatogram of A. niger pigments
In - Benzene 60 - chloroform 20 - ethanol 20 - acetic acid 1 ml
P = pellet 
C = culture
21201916.1812.158.115.72.4Fr. No.
(p.216)
Fig. 79. Chromatogram of different fractions of A. niger culture filtrate
pigments obtained from column chromatography in Benzene 60,
chloroform 20, ethanol 20, acetic acid 1 ml
F2 F2 FI FI
C/acidic C/neutral C/acidic C/neutral C/Mixed
0
o
o
•rangeorange (
Cl? yellow flucrescen
yellow
ale orange
o
l \
r \
o
orange
f )
0  0
o
A
r \
n
0
o
Fig. 80. Thin layer chromatogram of pigments from culture filtrate 
of A. niger
In - Petroleum ether 20, ethylacetate 30, acetic acid 3 ml.
C = culture 
F = fraction
FI FI F2 F2
P/Mixed - P/neutral P/acidic P/neutral P/acidic
O  C ‘~VX >raage^l blue fluorescence 
£
I /red
• Fig. 81'. • Thin layer • chroma to'gram of pigments from A. niger pellets
In - Petroleum ether 20, ethylacetate 30, acetic acid 3 ml
P = Pellet 
F = Fraction
Fig. 82. Chromatogram of culture filtrate pigments in Petroleum ether, 
ethylacetate and acetic acid
Fig. 83. Chromatogram of culture filtrate pigments in chloroform +20% 
Methanol + acetic acid
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Fig. 90. Effect of yellow pigments from A. niger pellets and culture
filtrates on P. rubrum
b)
B =. blank
P = pellet pigments
C = culture pigments 
R = rubratoxin B
Fig. 91. Effect of pigments of A. niger (culture filtrate and pellets)
on growth of A. niger
Fig. 92. Effect of A. niger pigments (culture filtrate and pellets)
on P . purpurogenum
p.
Fig. 93. Effect of A. niger pigments fraction on A. tamarii
8.3. DISCUSSION
A number of pigments have been reported to be produced by 
A. niger and most of them accumulate in the mycelium including: 
aurasperones (Tanaka et al., 1972), asperenone (Pattenden, 1969), 
flavasperone (Lund et al., 1953) and asperrubrol (Rabache et al♦,
1970). Two other pigments Flaviolin (McGovern and Bentley, 1975) and 
nigragillin (Isogai et al., 1975) have been isolated from culture 
filtrates of this mould. The structures of all these compounds are 
known and they all probably fit into the general category of polyketide 
secondary metabolites which would normally be produced during the 
stationary phase of growth. The identities of the pigments produced by 
A. niger in the presence of rubratoxin B are not yet known and it is 
important to note that these pigments are produced in both mycelium and 
culture medium of A . niger early in the growth period. The pigments 
which accumulated in the mycelium, as shown by chromatography and U.V. 
spectra, differ from the pigments liberated into the medium. Most of the 
pigments isolated from mycelium and culture filtrates seemed to be 
acidic compounds. A colourless crystalline material was obtained from 
the ether extract of culture filtrate of A. niger which was soluble in 
water and by' chromatography showed a Rf value the same as citric acid.
The production of citric acid by A. niger is a well documented process 
and it can be isolated from culture filtrates of this mould (Berry et al., 
1977).
Four different pigments were isolated from either culture filtrate
or mycelium of A . niger grown in the presence of 15 yg rubratoxin B/ml.
One of these pigments, which was obtained in a good yield, was isolated 
as yellow fine needles with m.p. 194 - 197°C (dec.). The I.R. spectrum
of this yellow pigment (Fig. 89) has peaks characteristic of hydroxyl and
carbonyl groups (3350, 1735), ester and lactone group (1665), primary 
alcohol (1030, 1082) and aromatic rings (1630, 1580, 1450). The U.V. 
spectrum of this compound (Fig 87) shows a very intensive absorption 
which is very similar to the aurasperones. Further information on the 
chemical structure of this pigment was obtained from Mass spectrum (Fig. 
88). The parent peak in the mass spectrum occurs at m/e 414 for which 
the ion responsible is (P2lHi8°9^ * There are verY strong peaks at 396 
and 378 which are explicable on the basis of the loss of two molecules
H2<D from (C 21H18°9^ to ^ 2 1 H14°7^ an(  ^a Peak at ^70 which indicates the 
loss of CO^ from (C^H^O^) . There are peaks at 328, 230 and 368. An 
interpretation of the mass spectrum of this pigment is summarised as 
follows:
m/e
T O  _  I Q
414 <C21H18°9) 396 - H ^ “  378 (C21H14°7)
—28
395 • . (C21H160 8)    368
414 (C H, O )
-44
21 18 9 C02 370
354 (C^ H o ) -26
20 18 6 C2H2 328
328 (C14H16°6) -c X o - 259
4 5
-29
259 .(C-- H,,0_) —  230
14 11 5' CHO
This molecular formula (C01H o0 ), proposed for this pigment,zi ip y
is indicated by the elemental analysis (found C.= 57.44 H = 4 . 4 2  0 = 32.16 
molecular weight 414. C 21H18°9 re<3u -^res c = 60.87 H = 4.35 0 = 34.78)
•although the discrepancies are likely to be due to the material still.being 
slightly impure.
The melting point and chemical reactions, I.R., U.V. and mass 
spectra of this pigment indicate that it is different from those pigments 
previously isolated from A. niger. These yellow pigments produced by 
A. niger in the presence of rubratoxin B have been shown to be active 
against some species of fungi and also Bacillus subtilis. The ether
extract of culture filtrates of A. niger has a significant effect on 
growth of the'fungi which were tested. To test the hypothesis that this 
activity might be due to rubratoxin B in culture filtrate which was 
extracted by diethyl'ether, the experiments were repeated using 1 mg 
of rubratoxin B, 13 mm disc (Fig. 90) against Penicillium rubrum. The 
result indicates that this mould is resistant to rubratoxin B while the 
pigments isolated from culture filtrate of A. niger inhibited the growth 
of all species of fungi which were tested. Thus, this effect is not due 
to presence of rubratoxin.
• The production of pigments with biological activity by A. niger 
and the liberation of some of this material through the cell wall into 
the culture medium in the presence of rubratoxin B is a further 
indication that metabolic activity of A. niger in the presence of 
rubratoxin-B is altered. The production of a new pigment could represent . 
another aspect of the unbalanced metabolism of glucose and nitrogen by 
this mould in the presence of this toxin.
GENERAL DISCUSSION
The two nonadrides, rubratoxins A and B, produced by Penicillium 
rubrum and P. purpurogenum, are hepatotoxic to several species of mammal 
causing haemorrhage of the liver and occasional haemorrhage of the lungs. 
There have been several studies on the toxicology of rubratoxin B which 
indicate that this toxin is embryocidal, embryopathic,.foetocidal and 
foetopathic, when administered to pregnant mice. It has been reported 
that this toxin may be both mutagenic and teratogenic and also causes a 
depression in the oxygen consumption of rat liver mitochondria. Several 
effects at the cellular level have been attributed to rubratoxin, such 
as the formation of polynuclear cells in Hela cell cultures, and 
•vacuolated, large irregular shaped cells in rabbit corneal tissue culture.
The present studies do not contribute information about the site 
of activity of rubratoxin although the observations presented do suggest 
a break down in the structural and physiological integrity of the mycelium 
of Aspergillus niger.
A. niger, in the presence of rubratoxin B grew in a very distorted 
manner producing swollen mycelium, especially at the tips of hyphae. At 
high concentrations of toxin, rupturing of the hyphal tips was observed. 
The hypothesis that these swellings occur because the wall had become 
weakened, was shown to be untenable because, when the mould was grown in 
the presence of media of increased osmotic pressure as well as rubratoxin 
B, the swelling still occurred. The hyphae of A. niger in the presence 
of this toxin are vacuolated, shorter, more branched and the formation of 
normal conidial heads and conidiospores is inhibited. Recent hypotheses 
concerning the extension of the hyphae of filamentous fungi involve the 
ordered movement of vesicles to the hyphal tip, where most active wall 
growth occurs. It is possible that one effect of rubratoxin is to cause 
disorganised movement of vesicles so that cell wall extension is no. 
longer localised at the hyphal tips.
The toxin causes a reduction in the biomass production of A. niger 
and yet a dramatic drop in the pH of culture medium still occurs. In the 
presence of 320 yg rubratoxin B/ml, biomass production is reduced by more 
that 96% and yet the pH drops from 6.15 to 2.8, indicating that metabolic 
activity is still high in the presence of this toxin, but it is not being 
mobilized for biomass production. This is borne out by the observations
on glucose consumption by this mould in the presence of rubratoxin that, 
although a concentration of 200 yg rubratoxin B/ml has a profound effect 
on the growth of A. niger, it does not appear to have a corresponding 
effect on the rate of glucose consumption. At glucose concentrations 
of 1% or less, the rate of metabolism of glucose does not seem to be 
affected by 15 yg rubratoxin B/ml, while biomass production is reduced 
by 39%. It would seem that the metabolism of glucose in the presence of 
rubratoxin leads to the production of some metabolites liberated into 
the culture medium instead of biomass production. In contrast, at 
higher concentrations of glucose (3%) , although biomass production is 
inhibited to about the same extent, the utilization of glucose is also 
repressed by rubratoxin B.
In the absence of rubratoxin however, the higher concentration 
of glucose does not have a significant effect on the biomass production, 
but causes an increase in the production of extracellular metabolites, 
although these do not include pigments. These observations may reflect 
the occurrence of catabolite repression or unbalanced metabolism at 
higher concentrations of glucose.
Rubratoxin B appears to be fungastatic for, when damaged hyphae
are removed by washing and resuspending in a fresh medium without toxin,
«
they develop into mycelium which is capable of normal development and 
reproduction.
Protoplasts of this mould in the presence of rubratoxin B are 
able to regenerate and revert to hyphae, but the hyphae are distorted and 
swollen resembling those produced from the germination of spores, or the 
continued growth of healthy mycelium, in the presence of toxin. '
The morphological changes produced in growing hyphae are 
associated with changes in cell wall composition of A. niger, although 
these changes are relatively small as far as gross composition is concerned. 
The most significant changes occur in the protein content of the wall 
which is decreased from 11.12% in healthy mycelium, to 8.74% in damaged 
mycelium. The amino acid content of cell walls of A. niger show a marked 
decrease in the presence of rubratoxin B. All the results obtained for 
the amount of wall protein in the presence of rubratoxin B, using a range
of different methods for analysis, indicate that this toxin interferes 
with protein synthesis associated with the cell wall of A. niger.
However, although the total amount of protein is decreased in the presence 
of rubratoxin B, the relative composition of amino acids does not show . 
significant changes in damaged cell wall.
Wall protein of A. niger is dominated by basic amino acids, whereas 
reports in the literature suggest that the wall protein of Penicillium 
rubrum, the mould which produces rubratoxins, shows a predominance of 
acidic and neutral amino acids. Rubratoxin B is an anhydride compound 
w i t h •acidic properties and it is conceivable that it would be readily 
secreted through the wall of P . rubrum, but interact with that of A. niger.
Rubratoxin B not only inhibits biomass production of A. niger, but 
also interferes with glucose metabolism, protein synthesis in the cell 
wall and nitrogen metabolism. The changes in nitrogen metabolism were 
evident from the increases in the concentration of protein and amino acids 
in the culture fluid as well as changes in the yield of mycelium. The 
reduction of protein and amino acids in the cell wall of this mould in 
the presence of rubratoxin B may be due to autolysis of nitrogenous 
compounds in the mould mycelium.
The production of pigments' in the mycelium of A. niger and the 
liberation of protein, amino acids, and pigments into the culture medium, 
may represent another aspect of the unbalanced metabolism of glucose and 
nitrogen in the presence of this toxin as well as profound changes in the 
structure of the membrane.
These effects of rubratoxin B on A. niger are summarized in 
Table LX.
Table"LX. Effects of rubratoxin B on -,A. niger
Morphology Short hyphae, vacuolated, more branched and 
swollen, especially at the'tips. Is not able 
to produce spores.
Dry weight of 
mycelium
Decreased 39% in 15 yg rubratoxin B/ml. 
Decreased 86% in 100 yg rubratoxin B/ml.
Glucose consumption In 1% glucose: with 15 yg rubratoxin B/ml: 
glucose is used by mould but with the 
production of some metabolites liberated 
into the culture medium, instead of biomass 
production. —  .
In 3% glucose: with 15 yg rubratoxin B/ml: 
inhibits the utilization of the excess 
glucose.
Respiration Decreased 6 - 10% in 15 yg rubratoxin B/ml. 
Decreased 25% in 100 yg rubratoxin B/ml.
Cell wall 
composition
1 - Protein
2 - Amino acids
1-total protein by Lowry method.
Decreased 21.5 % in 15 yg rubratoxin B/ml. 
Total amino acids decreased 35.6% in 15 yg 
rubratoxin B/ml. The relative composition of 
amino acids in wall protein does not change.
Metabolic activity 
(in Vogel's medium)
Protein liberated into culture medium increased 
(3.7 times) in 15 yg rubratoxin B/ml. Amino 
acids liberated into culture medium increased 
(2.6 times) in 15 yg rubratoxin B/ml.
Pigments The.mycelium and culture filtrate of A. niger 
becomes pigmented. Most of the pigments are 
acidic compounds.
Table'LX . cont1d .
-
Protoplast Regenerates in the presence of toxin and 
reverts to abnormal mycelium resembling those 
produced by spores.
Electron microscopy A wide spread disorganization occurs in the 
content of cell and it is not possible to 
distinguish any organelles inside the cell.•
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